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III. Abstract 
This dissertation was written as part of the MSc in Strategic Product Design at the 
International Hellenic University.  
The aim of this dissertation is to apply a generic product development process in a 
real-world design problem regarding a small household appliance. Considering that a 
development process starts with an idea and ends up with a physical product, it is 
essential to reach the point where the product concept is finalized. The development 
process starts with the opportunity identifications, considering my personal interests, 
the current market trends and customer behavior. At the end of this process, a mission 
statement will clearly state about what is going to be developed. As soon as, the aim is 
defined, a customer need determination process will take place. This process clarifies 
what are the actual needs that must be met. These needs are translated into 
specifications that will be used later for the concept generation. The first step of the 
product design includes the determination of both the morphology and aesthetics   
according several factors like, toast maker archetype, corporate identity, ergonomics 
and user interface. In the final phase of the dissertation, the toast maker is coped as a 
system which includes several sub-systems. In this way, a general design problem can 
be derived into several smaller design problems respectively, making the process easier 
to be analyzed. The result of this process will be a toast maker. 
The development took place on Mavelec’s premises where specialized staff, 
including mechanical and electrical engineers, contribute with their knowledge and 
expertise. Furthermore, several questionnaires have been filled from many people, thus 
gathering feedback through observation regarding design and practical features along 
with real life samples of such appliances. 
Keywords: (New product development, household appliance, Product design, Problem 
decomposition) 
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1 INTRODUCTION 
 
 Introduction 
The current chapter comprises the main information about new product development, 
by providing fundamental answers on the most significant queries: 
- Why to develop a product 
- What, where and when to develop a product 
- Who can design and what challenges is going to face? 
- How a product can be developed. 
These simple and simultaneously major information are useful for the deep 
understanding of this work and will contribute to establish the thesis structure, leading 
to a profound understanding of the results obtained.  
 
 Reasons to develop a product 
Almost in every life experience, it is vital to understand the reason of doing 
something because in this way, wrong decisions and actions may be eliminated. The pros 
of always starting with “why”, is the empowerment for being remarkable. New product 
development can be thought as a process that use customer needs as an input and 
create a useful product for a customer as an output (Ulrich & Eppinger, 2012). There are 
multiple reasons of developing a product, but in general, these can be grouped in two 
main categories: 
• Personal reasons (Ulrich & Eppinger, 2012) 
Determination: Many times, a person can be judged by its ability to characterize if 
something is qualitative acceptable or not. Product development process leads you to 
optimization thinking and that helps you to determine what can be thought as 
qualitative. 
Satisfaction: During a product development process there is always a need to interpret 
customer needs into technical solutions. The interesting thing is that there is not only 
one solution. Various possible solutions can meet customer needs but only few can do 
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it with minimum cost interaction. The process of finding the best solution for every 
single problem is like a puzzle that makes you feel good every time you piece together 
their parts. 
Inspiration: A need for a solution can always drive you to search into several fields. Every 
search can be proved a good inspiration both for the development and for the personal 
life. This helps to engage details for several purposes. 
Needs: Individual needs can drive someone or a team to develop something: 
- Aspiration about creating or enhance something that meet customer’s 
unrevealed needs.  
- Curiosity and experimetation about the functionallity of a product or how it is 
made.  
- Need for personal skills impovement. 
 
• Social Reasons (Ulrich & Eppinger, 2012) 
Expression: Just like writing and singing, product development process can stimulate 
your ideas and emotions during searching, discussing, sketching or brainstorming of an 
issue. In that way, you establish your personality on a team.  
Grouping: Product Development is not an individual process, but it is considered as a 
teamwork. It is very important to create a cooperating group because every team 
member will: 
- cultivate self-confidence 
- persistence to hard work 
- respect for the other team members and creation of friendshipness (Ulrich & 
Eppinger, 2012) 
 
 The Right product on the right place and time 
1.3.1 The product 
Everything around us is developed to fulfill our everyday needs. Product development 
procedure is independent of the level of complexity of the product. It can take place 
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from a small simple product, which can be only one part, to a huge complex product, 
which can be an assembly of thousand parts. The question about what product to 
develop, depends on several factors like what and whose needs addresses (Telaak, 
2014). 
1.3.2 The Place 
Trends also reveal needs that give the opportunity for a new product development. 
However, it is very important to develop simple and simultaneously necessary products 
consciously, because an unnecessary product can negatively influence a non-
appropriate user by being a bad role model. It is also very important the fact that every 
country has its own culture that many times define the local market needs. By 
interpreting market’s trends and needs an appropriate product can be forecasted. 
1.3.3 The Time 
An important factor that can affect product’s impact on the market, in terms of sales 
growth, is the introduction time. Every product can be described either as full-season 
product or part-time-season product and this can easily be defined by its purpose. For 
example, a fan will have an increased demand (and so sales) during summer season 
when a refrigerator will have a stable demand during the year. An unexpected delay of 
the product introduction can cause a damage not only in a company’s profile but also in 
the investment for the product development. 
 
 Development team composition 
The development of a product is an abstract procedure that demands  team effort in 
order to successfully complete its purpose. Various departments of a firm must 
cooperate and comply with the several interdisciplinary needs (Ulrich & Eppinger, 2012). 
Between these several departments, there are 3 of them that define the product 
development process (Ulrich & Eppinger, 2012): 
1.4.1 Marketing department 
The main purpose of this department is to identify opportunities for new products by 
exploring the market (Ulrich & Eppinger, 2012). This can be achieved by identifying 
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customer needs and compare them with how other firms address these needs. Target 
price is also an important decision that this department makes. A secondary purpose of 
this department is the interaction between client and firm. This department can be part 
of the brand or even can be an external partner (Ulrich & Eppinger, 2012). 
1.4.2 Design department 
This can be thought as the most important department of a firm due to its purpose 
to create a physical model that represents customer needs in total. This department 
include several specialties such us mechanical, electrical and industrial design engineers 
(Ulrich & Eppinger, 2012). 
1.4.3 Manufacturing department 
This department takes over to design the tools in order to produce every part of a 
product.  
In most cases a product is developed by a number of individuals who often have 
different training in their origin field (Ulrich & Eppinger, 2012). The total number of 
these individuals form a project team or core team (Ulrich & Eppinger, 2012). There is 
also a possibility, other departments, to participate in this team, such us, financial 
department (Ulrich & Eppinger, 2012). A team usually is managed by one team leader, 
whose specialty can be one from the above, and it can be devided into 2 categories 
(Ulrich & Eppinger, 2012):  
- Core team: It composed by a small number of members that usually situated inside 
the firm (Ulrich & Eppinger, 2012). 
- Exterior team: it composed by partner companies and suppliers (Ulrich & Eppinger, 
2012). 
Core team decide about how the product will be developed and exterior team help 
the core team to achieve it’s aim. Both teams must be focused on the good cooperation 
and work together for a common purpose.The complexity of a product define the size 
of both teams. For example a train might need more external members to contribute 
for the construction of it, than core members, whose firm will provide the product in 
the market. (Ulrich & Eppinger, 2012) 
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Figure 1: Team Structure, Source: (Ulrich & Eppinger, 2012) 
 
 The development challenges 
Product development is a procedure that takes place under difficult, and sometimes 
undefined circumstances (Ulrich & Eppinger, 2012). Barely, a small percentage of 
companies manage to complete a project in time. The main challenges are presented 
below: 
- Time pressure (Ulrich & Eppinger, 2012): Decisions are usually taken under time 
pressure and this can be proved fatal, due to lack of validate information. (Ulrich & 
Eppinger, 2012) 
- Trade-offs (Ulrich & Eppinger, 2012): An appliance can be made cheaper by 
replacing some screws with mounting clips. Initially, this action can reduce the total 
cost. However, some problems can only be recognized by operational tests that 
can only take place with the parts produced by the final tool process. If a problem 
comes up then, it will negatively affect both the manufacturing repair cost and 
delivery time of the product. (Ulrich & Eppinger, 2012) 
- Dynamics (Ulrich & Eppinger, 2012): Most of the times, before every decision, 
several non-constant factors affect it. This process is constantly repeated not just 
for a simple decision inside a firm but also from a simple possible technical solution 
to the customer decisions and predilections. (Ulrich & Eppinger, 2012) 
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- Details (Ulrich & Eppinger, 2012): The way of assembling process is critical because 
a difficult way of assembling can lead to big assembly times which can have a 
negative impact on the total cost of the product. Such details can influence on how 
a project will go through until the final production. 
- Economics (Ulrich & Eppinger, 2012): A project can be sustainable when it has low 
production cost and simultaneously can delight the customer through its exterior 
design and its functionality. For a firm, this have as a result to earn back the money 
that have invested for the product development. 
 
 The development process as a thesis structure 
Design is a term that has an abstact meaning. It can be defined by several 
meanings from both relevant and non-relevant people. In general, the meaning that 
prevails, describes it as a qualitative term that define how much does a product is 
aesthetically acceptable to a possible customer. This translation is neither wrong nor 
correct. Indeed, a designer deals with feelings in contrast with an engineer who deals 
with facts, but design have so many aspects that it seems wrong to set term boundaries 
on it. For me, the abstract meaning of design, as a procedure, is similar with the meaning 
of product development. Both are composed by groups, have a lot of aspects and many 
ways to be implemented. There isn’t a standard way to follow but, in contrast, can be 
thought as a continuously changing procedure that depends on the needs. However, 
several techniques can be implemented in order to guide us during a development 
process. The content of this dissertation will be partially represented by a generic 
development process which consists of several development phases that are analyzed 
below. Only the most important steps of these phases, that are most-related to the 
development of the product, will be further analyzed.  The dissertation will focus until 
the concept development phase where a final product concept will be presented. 
 
Figure 2: Generic Product Development Process, Source: (Ulrich & Eppinger, 2012) 
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1.6.1 Planning 
Altough planning is the first phase, it is also called “ Zero-phase”, because it is a 
prelude of the concept development procedure (Ulrich & Eppinger, 2012). In this phase, 
marketing department has as purpose to:  gather and evaluate market opportunities, 
define market segments, allocate resourses and make a plan timing (Ulrich & Eppinger, 
2012). The outcome of this phase is a mission statement that specifies the most valuable 
informations such us the target market, business goals etc (Ulrich & Eppinger, 2012). 
This phase is important because it sets the foundations for a successful product. (Ulrich 
& Eppinger, 2012) 
1.6.2 Concept development 
Concept development is the most interesting and simultaneously highly-pressured 
procedure. During this abstract process, that usually is described as a front-end process 
due to its non-linear function, several activities are taking place (Ulrich & Eppinger, 
2012). This phase always starts with customer needs identification. That helps to ensure 
that the product, which is going to be developed, will meet all customer needs, even for 
the lead users (Ulrich & Eppinger, 2012). These needs are recorded and translated into 
preliminary specifications (Ulrich & Eppinger, 2012). After this, a set of promising 
concepts is created, tested and the best of them are picked out for further development 
and testing. (Ulrich & Eppinger, 2012) 
1.6.3 System-level design 
During system-level design, product architecture is being defined. At this point, the 
product as a system is decomposed into several sub-systems (Ulrich & Eppinger, 2012). 
This action makes the design process simple by decomposing a general problem into 
sub-problems. (Ulrich & Eppinger, 2012) 
1.6.4 Detail design 
In this phase, every sub-system is being defined and so the final specification of the 
product (Ulrich & Eppinger, 2012). That includes material and tolerances of every part, 
manufacturing details like mold cavities, needed tonnage, surface texture and finish, 
color etc (Ulrich & Eppinger, 2012). At the end of this phase every part will be described 
by a detailed drawing featuring all the needed specifications (Ulrich & Eppinger, 2012). 
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All the above details contribute to create a production plan which will give important 
information about the assembly time and so a general production cost. Many times, 
products include purchased parts that can be easily found by searching for vendors.  
1.6.5 Testing and refinement 
After the detailed design of the product, it must be ensured that every part of the 
product cooperates perfect with the others. This can be achieved by creating 3D printed 
or clay models of every part. The last few years, 3D printing technology give us the 
opportunity to make prints by using a big variety of materials. That help us to better 
simulate the real conditions and find problems or issues that can be avoided. The 
prototypes that are fabricated in this way have us purpose also to clarify if customer’s 
needs are being satisfied (Ulrich & Eppinger, 2012). These prototypes called “Alpha” 
(Ulrich & Eppinger, 2012). After the first evaluation of the parts, Beta prototypes take 
place (Ulrich & Eppinger, 2012). This type of prototypes is manufactured by the 
production processes that was intended (Ulrich & Eppinger, 2012). After the fabrication, 
these prototypes are going to be tested both from manufacturer and customers so to 
see if every need is met (Ulrich & Eppinger, 2012). After the tests, some engineering 
modifications might take place for the performance optimization. (Ulrich & Eppinger, 
2012) 
1.6.6 Production ramp-up 
During production ramp-up the workforce is being trained about the production 
and assembly processes (Ulrich & Eppinger, 2012). In this way, many problems can be 
avoided (Ulrich & Eppinger, 2012). Usually the first pieces send to specific customers 
with a purpose to identify any remaining flaws (Ulrich & Eppinger, 2012).  
An organizational reality about the above generic process is that almost every 
company follows it, consciously or not, in a similar manner. The difference is that, due to 
unspecified circumstances and variable factors, it is quite sure that the process will not 
be linear but, in contrast, it can be thought as a front-end process where several tasks 
and sub-tasks from different phases, are overlapping in time and might be repeated 
(Ulrich & Eppinger, 2012). The term “Front-end process” will be further analyzed on 
chapter 2. 
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2 LITERATURE REVIEW 
 
 Introduction  
In general, the term “process” is referring to the sequence of steps that have as a 
purpose to convert some inputs into some outputs (Ulrich & Eppinger, 2012). In our 
everyday life, we face both simple and complex processes. Product development 
process can be thought as a funnel of opportunities which starts with several alternative 
product concepts, continues with a detailed product and ends up with a reliable product 
that can be repeatably produced by a production system (Ulrich & Eppinger, 2012). 
Another way of approaching the term development process is by thinking it as an 
information-processing system (Ulrich & Eppinger, 2012). The process takes as inputs 
opportunities, technologies, platforms, production systems and translate them into 
specifications and design details (Ulrich & Eppinger, 2012). The process ends up with all 
the required information that are needed to support production and sales. (Ulrich & 
Eppinger, 2012) 
 Usually, every organization follow the same development path that slightly differ 
from other’s organizational processes. Furthermore, the same organization can use 
different development processes according to the type of the under-developing 
product. (Ulrich & Eppinger, 2012) 
 
 Process Flow  
2.2.1 Type of Process Flow 
The product development process follows a specific path of activities and 
information flow (Ulrich & Eppinger, 2012). According to the, under-development 
product, process flow diagram can take several structures (Ulrich & Eppinger, 2012). 
- As every organization uses similar processes for the development of a product, a 
generic product development is being set. The generic process flow diagram 
expresses the process that is being used to develop market pull, technology push, 
platform, customized and high-risk products (Ulrich & Eppinger, 2012). After each 
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step, there is a review gate where it is confirmed that the current phase is 
completed. (Ulrich & Eppinger, 2012) 
 
- If there is a quick-build product the process is transformed into a spiral product 
development process (Ulrich & Eppinger, 2012). In this case, detail design, 
prototyping and several test activities can be repeated. (Ulrich & Eppinger, 2012) 
 
- In case of a complex product, development of several subsystems can be 
decomposed into parallel stages, giving the opportunity to by developed 
simultaneously. (Ulrich & Eppinger, 2012) 
 
 
Figure 3: Generic Product Development Process, Source: (Ulrich & Eppinger, 2012) 
 
Figure 4: Spiral - Generic Product Development Process, Source: (Ulrich & Eppinger, 2012) 
 
Figure 5:  Complex System Development Process, Source: (Ulrich & Eppinger, 2012) 
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2.2.2 The Front-End Process 
Product development process contains many interrelated activities between the 
stages of the process (Ulrich & Eppinger, 2012). The expansion of the development 
process into several stages is well known as front-end process (Ulrich & Eppinger, 2012). 
The process is difficult to proceed in a linear way, because the front-end activities may 
be overlapped in time and iteration (Ulrich & Eppinger, 2012).  During the development 
stages, new information or problems may rise (Ulrich & Eppinger, 2012). As a result, the 
team must take a step back and re-evaluate some of the previously completed tasks 
(Ulrich & Eppinger, 2012). This iteration of activities that initially had been completed is 
well known as development iteration. (Ulrich & Eppinger, 2012) 
The concept development process includes the stages below (Ulrich & Eppinger, 2012): 
Customer Needs Identification: At this stage, the development team must clearly 
understand customer needs and embody them in the development process (Ulrich & 
Eppinger, 2012). The result of this stage is a detailed list of, hierarchical placed, customer 
statements which are weighted properly. (Ulrich & Eppinger, 2012) 
Target Specifications: Specifications are the translation of customer needs into 
technical data (Ulrich & Eppinger, 2012). Target specification are set early in the 
development phase and represent the hopes of the team (Ulrich & Eppinger, 2012). 
After the conceptualization of the product, these specifications can be refined (Ulrich & 
Eppinger, 2012). The result of this stage is a list of target specifications, where each one 
consists of one or more metrics, marginal and ideal values (Ulrich & Eppinger, 2012). 
Product Architecture: At this stage, product is analyzed as a block in terms of its 
structure (Ulrich & Eppinger, 2012). The architecture consists of the external aesthetics, 
considering the corporate identity and other aspects of design. Furthermore, 
ergonomics is also an important factor that is examined in a preliminary stage. The result 
 
Figure 6:  Front-End activities during Concept Development, Source: (Ulrich & Eppinger, 2012) 
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of this stage is to define the morphology of the appliance in a preliminary stage, but it 
can change during the development process. 
Concept generation: Concepts represent the possible solutions that might 
address the customer needs (Ulrich & Eppinger, 2012). The team must search and find 
possible solutions for technical problems and generally face a lot of trade-offs (Ulrich & 
Eppinger, 2012). The result of this stage is a set of concepts for several subsystems of 
the appliance. (Ulrich & Eppinger, 2012) 
Concept selection: At this stage, only the most promising concepts are further 
analyzed with a view to select the one that best addresses the customer needs. (Ulrich 
& Eppinger, 2012) 
Final specifications: At this stage, as soon as the team have chosen the concept 
that best addresses all the requirements, they must set the final specifications. (Ulrich 
& Eppinger, 2012) 
Modeling and prototyping: This stage can be applied in every other stage (Ulrich 
& Eppinger, 2012). Depending on what the team want to evaluate, there are prototypes 
that are made for aesthetic purposes and there are prototypes that are made for 
mechanism evaluation (Ulrich & Eppinger, 2012). Of course, a final prototype can be 
used for both aesthetical and functional purposes. (Ulrich & Eppinger, 2012) 
 
 Design Language  
2.3.1 General 
A good book that explain in a clear way about the design language is “The Design 
Language of Everyday Things- Donald Norman”. The purpose of this book is to increase 
the awareness regarding the design problems and make you enjoy the process of 
improving things (Norman, 1989). 
Several problem examples are taking place, featuring the absent of knowledge and 
concern on how end users are affected by design, drawing the attention on how 
important usability and understandability is (Norman, 1989). 
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The initial dedication of time to study well a design problem can prevent the 
creation of problematic products and save time on the attempt to repair them. (Norman, 
1989). 
2.3.2 Human as an error factor 
Human, in terms of design study, can be thought as a factor that is possible to act 
wrong (Norman, 1989). A proper design can predominate the human factor and 
decrease both errors that created by them and their effects (Norman, 1989). Even good 
designers can take wrong decisions by following their instincts of testing their ideas on 
actual users (Norman, 1989). Designers are one of the most vulnerable human errors 
because they know too much about their products (Norman, 1989). A preferred product 
feature from designer’s side is not always acceptable from the end user’s side (Norman, 
1989). For this reason, a lot of problems can be avoided if actual needs and interests of 
people are taken into consideration (Norman, 1989). Ignoring the section of safety 
warnings that a company is obligated to include in an instruction manual, a large section 
of instructions about how to use the product is a sign of design failure (Norman, 1989).  
2.3.3 Clues of Good Design 
Visible clues on product’s structure can express how the product works. There are 
several types of clue, like: 
- Affordances: The perception about how an operation could possibly be used 
represents the term “Affordance” (Norman, 1989). Affordance can provide a strong 
message to the user about the operation, in a way that, user understands at first 
glance, how the product works, without the need of a label (Norman, 1989). 
- Mapping: A product can be characterized as well-designed by its ability to describe 
itself through visible clues (Norman, 1989). A bad-designed product usually creates 
the sense of frustration during the use due to false or not-existed clues (Norman, 
1989). By making visible only the parts that explain to the user about how a device 
works, a distinction between several operations is achieved.  Visibility represents 
the term “Mapping” (Norman, 1989). 
- Constraints: Just like physics, action always cause a reaction. The same 
thing is also following the design. An action that follows another action, is a result 
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of this action (Norman, 1989). When an action does not have any result, it gives 
the sense that something was ineffective (Norman, 1989). For this reason, it is 
followed by the repetition of the action (Norman, 1989). This clue is a sign of poor 
design (Norman, 1989).  
One possible principle that expresses the visibility and understandability through 
design is the providence of a good conceptual model, and it is described by the following 
schematic (Norman, 1989): 
The system image must make the design model clear to the user so to end up with the 
correct mental model (Norman, 1989). 
 
 Prototyping  
2.4.1 Definition of a Prototype  
According to Karl T. Ulrich, prototype is defined as “an approximation of the product 
along one or more dimensions of interest” (Ulrich & Eppinger, 2012). Considering this 
definition, every entity that reflects at least one aspect of a product that is under the 
interest of a development team can be thought as a prototype. A prototype can be a 
concept sketch, a simulation, a mathematical model or a draft preproduction version of 
a product (Ulrich & Eppinger, 2012). 
2.4.2 Types of Prototypes 
Prototyping is an attempt to develop an approximation of the product (Ulrich & 
Eppinger, 2012). Types of a prototype can be classified in two directions (Ulrich & 
Eppinger, 2012). The first direction is related to the degree that a prototype can be 
characterized as a physical rather than analytical (Ulrich & Eppinger, 2012). 
 
Figure 7: Conceptual Model Schematic, Source: (Norman, 1989) 
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- Physical prototypes are tangible parts that have as a purpose to represent as much 
as possible the final morphology of a product (Ulrich & Eppinger, 2012). These 
artifacts are mainly used for testing and experimentation, with a view to represent 
and validate the functionality of a product (Ulrich & Eppinger, 2012). 
- Analytical prototypes are non-tangible parts or an assembling, that have as a 
purpose to represent a product in a mathematical or a visual way (Ulrich & 
Eppinger, 2012). In this manner, several aspects of a product are analyzed without 
the need of building (Ulrich & Eppinger, 2012). The most common analytical 
prototypes are 3D CAD models or computer simulations (Ulrich & Eppinger, 2012). 
 
The second direction is related to the degree that a prototype can be characterized 
as a comprehensive rather than focused (Ulrich & Eppinger, 2012) 
- Comprehensive prototypes are the most common implemented, because they can 
reflect almost all aspects of a product (Ulrich & Eppinger, 2012). Comprehensive 
prototype is the one whose definition best describes the everyday use of the word 
“prototype” (Ulrich & Eppinger, 2012). This kind of prototype represents an 
operational, full-scale version of the product that is created just before the mass 
product and it is given to the customers, so any remaining design flaw can be easily 
identified. 
- Focused prototypes are tangible parts that can partially represent one or few 
features of a product (Ulrich & Eppinger, 2012). One of the most common focused 
prototypes are foam models (Ulrich & Eppinger, 2012). Usually, teams create a 
focused prototype which represents the “image” of the product, and a focused 
prototype which represents the “function” of the product, so they can check the 
overall performance of a product (Ulrich & Eppinger, 2012). The approach of 
creating two separate focused prototypes can lead to faster results in comparison 
with the scenario of creating one comprehensive prototype (Ulrich & Eppinger, 
2012). 
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2.4.3 Purpose of Prototypes 
A prototype has specific purposes of learning, communication, integration, and 
milestones. (Kar12) 
- Learning Prototypes serve as learning tools because they usually answer the 
questions about if something is going to work and how well it addresses customer 
needs. (Kar12) 
- Communication Prototypes enhance the communication between management, 
vendors, partners, extended team members, customers, and investors through a 
3D representation of a product. It is easier to understand something by touching 
it, like a 3D object, rather than watching it, like a sketch of the product. (Kar12) 
- Integration Prototypes are used to ensure that the cooperation between several 
parts or subsystems of the product, is according to team’s expectations (Ulrich & 
Eppinger, 2012). The most effective integration tools in product development 
projects are the Comprehensive-physical prototypes due to the need of mate 
between several physical subassemblies that make up a product (Ulrich & 
Eppinger, 2012). By creating a physical integration in a comprehensive prototype, 
 
Figure 8: Prototype classification, Source: (Ulrich & Eppinger, 2012) 
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it is easier for the development team, to detect problems (Ulrich & Eppinger, 2012). 
This kind of prototypes are well known as testbed, alpha, beta, or preproduction 
prototypes (Ulrich & Eppinger, 2012). Furthermore, a simple physical model can be 
used from development’s team departments, like marketing, design and 
manufacturing, in order to agree for several design considerations (Ulrich & 
Eppinger, 2012). 
- Milestone prototypes are used during the development process to demonstrate 
the progress of the development regarding its functionality (Ulrich & Eppinger, 
2012). This kind of prototypes are also used to enforce the schedule of 
development (Ulrich & Eppinger, 2012). Most of the times, clients require a 
working prototype demonstration to review certain functions before allowing the 
project to proceed (Ulrich & Eppinger, 2012). 
All types of prototypes can be used for all the above purposes, but only few are 
the most appropriate for some of them (Ulrich & Eppinger, 2012). 
 
2.4.4 Basic Ways of Prototype Implementation 
Additive manufacturing, known as 3D printing, is a process of material joining in 
order to fabricate a 3D prototype. (ASTM International, 2012) 
3D printers use a software which slice the imported CAD data into layers of 
specific height. This height is adjusted by the user through the software. 
 Learning Communication Integration Milestones 
Focused analytical •  o  o  
o  
Focused Physical •  •  •  
o  
Comprehensive 
Physical 
•  •  •  
•  
 
Table 1:  Purposes of different type of prototypes, Source: (Ulrich & Eppinger, 2012) 
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Fused Deposition Modeling, known as FDM, is a process where material is 
extruded through a hot nozzle, melts and applied into a table layer upon layer, in 
contrast to subtractive manufacturing methods. (ASTM International, 2012) 
Stereolithography (SLA) is a VAT Photopolymerization process, where parts are 
made from photopolymer materials which, initially they are in liquid state (ASTM 
International, 2012). A laser is curing the material into specific shape and thickness, layer 
upon layer, causing the solidification of it. (ASTM International, 2012) 
Laser Sintering is a powder bed fusion process, where parts are made from 
powder materials (ASTM International, 2012). Powder ‘s particles are selectively melted 
layer by layer. (ASTM International, 2012) 
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3 METHODOLOGY 
 
A well-known product that belongs to the domestic appliances field is the 
sandwich/toast maker. It can easily be found in different sizes, shapes and performance 
characteristics. The main categorization of this kind of appliances depends on their size. 
The term sandwich maker describes a small appliance that can prepare only sandwiches 
(Well-known in Greece as toasts). On the other hand, the term toast maker describes a 
bigger appliance that can roast several kinds of food like sandwiches, steaks, burgers, 
vegetables or fish.  
The content of this dissertation has to do with the development of a toast maker. 
The product development process that is followed in this dissertation is based on a 
generic development path which has as a purpose to help a team to create a concept 
product. The process starts with an opportunity identification, continuous with the 
customer needs, target specification recording and establishment and ends up with a 
problem decomposition analysis considering the product morphology. The last steps of 
this process are aided with testing procedures by 3D printed parts. From a theoretical 
point of view, at the end of this process a final concept will be presented with a view to 
be evaluated from a team in terms of cost feasibility.  
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Figure 9: Followed Methodology, based on Source: (Ulrich & Eppinger, 2012) 
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4 DATA ANALYSIS AND DISCUSSION 
 
4.1 Opportunity Identification 
4.1.1. Introduction 
The current chapter is a prelude of the concept development. Several actions are taking 
place, relatively to the gathering and evaluation of market opportunities:  
- Individual Interests and flaws recording 
- Market trends 
- Customer Study 
Several useful Information, from every step of the opportunities gathering procedure, 
will be combined in order to create a mission statement, which will describe the basic 
desirable characteristics of the appliance (Ulrich & Eppinger, 2012) . 
4.1.2. General about Opportunities 
In terms of product development process, opportunity can be a conception of a new 
product, the understanding of an existing, but unexplored need, the result of a 
developing technology, or even the combination between a need and a technological 
solution (Ulrich & Eppinger, 2012). A product opportunity should be displayed by a single 
page which includes the title, a brief description of the idea and an explanatory sketch 
(Ulrich & Eppinger, 2012). There are two main product developing approaches that 
separate products into two categories (Ulrich & Eppinger, 2012):  
Market-Pull products: Development process is pulled by the market (Ulrich & 
Eppinger, 2012). The company must satisfy a market need with an existing technological 
solution (Ulrich & Eppinger, 2012). Technology - Push products: Development process is 
pushed by a new technology (Ulrich & Eppinger, 2012). The company must find an 
appropriate market whose needs will be addressed by this new technology (Ulrich & 
Eppinger, 2012). 
According to the development approaches, opportunities can be categorized into 
two dimensions, in which the development team is familiar with (Ulrich & Eppinger, 
2012): 
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- The technological solution. 
- The market needs. 
  According to figure (10), as the team’s knowledge is reducing either in one or on 
both directions (need and solution knowledge), the uncertainty of success is increasing 
(Ulrich & Eppinger, 2012). Based on the uncertainty that team faces, opportunities can 
be categorized into several areas (Ulrich & Eppinger, 2012): 
Area-A represents opportunities that a team is familiar with their solution/s and the 
need/s that addresses (Ulrich & Eppinger, 2012). These opportunities can be described 
by improvements, derivatives and cost reduction of existing products (Ulrich & Eppinger, 
2012). In this area, the uncertainty of success is low (Ulrich & Eppinger, 2012). Area-B 
represents opportunities that a team is not well familiar with their solution/s and the 
need/s that addresses (Ulrich & Eppinger, 2012). These opportunities can be described 
by existing market products that team is not familiar with (Ulrich & Eppinger, 2012). In 
this area, the uncertainty of success is medium (Ulrich & Eppinger, 2012). Area-C 
represents opportunities that, in general, no one or a small percentage of scientists is 
familiar with their solution/s and the need/s that addresses (Ulrich & Eppinger, 2012). 
These opportunities can be described by new products (Ulrich & Eppinger, 2012). In this 
area, the uncertainty of success is high (Ulrich & Eppinger, 2012).  
 
Figure 10: Types of Opportunities, Source: (Ulrich & Eppinger, 2012) 
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4.1.3. Process of Gathering and Selecting Opportunities 
3 steps are about to take place for the opportunity collection: 
- Establish a charter 
- Generate opportunities 
- Select opportunities 
 
4.1.3.1. Establish a charter 
A team should write a small clause in which they have to record the direction 
that product should follow so to meet team’s goals (Ulrich & Eppinger, 2012). In this 
way, team don’t waste time in opportunities that are not in the same direction (Ulrich 
& Eppinger, 2012). This clause is called charter and can be thought as the fundamental 
part of a product planning (Ulrich & Eppinger, 2012). In our case, the charter is created 
as a theoretical case study, based on a real-world situation experienced from Mavelec 
s.a. The charter is indicated below: 
“Develop a physical product in the domestic appliances category that fully satisfy 
customer” 
4.1.3.2. Generate opportunities 
According to a survey that took place with a group of several companies (figure 
(11), 46% of the total opportunities, are generated internally and 54% are generated 
externally (Ulrich & Eppinger, 2012). These percentages are close to equal distribution 
and this shows that both ways of generating opportunities have an equal importance 
(Ulrich & Eppinger, 2012).  
 
Figure 11: The distribution of sources of opportunities, Source: (Ulrich & Eppinger, 2012) 
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The identification process can be simpler if all opportunities are generated in a 
specific manner (Ulrich & Eppinger, 2012). Some of the most important ways to generate 
opportunities are listed below (Ulrich & Eppinger, 2012):  
• Individual Interests and flaws recording: 
For me, cooking is a joyful activity that stimulates both creativity and 
imagination. Considering my experience on the field of small domestic appliances, that 
helps me to see imperfections and flaws that make harder the satisfaction of my needs. 
Due to my current living conditions, I have a small storage area in my kitchen and that 
makes impossible to storage my toast maker, so I leave it permanently on kitchen’s 
bench. In the house we are two people so when there is a need to cook steaks or burgers, 
we use the toast maker. After several cooking repetition, I realize that the active surface 
of the cooking plate is much bigger than our cooking needs and that force me to search 
for a smaller appliance that can meet both my personal storage and cooking needs. 
Unfortunately, I realize that only few can meet both of my needs. This acted like a spark 
for me and I tried to further analyze some appliances in a matter of storage space and 
cooking surface. I create an efficiency ratio between the cooking area and the active 
area of the appliance. This ratio describes the food capacity, in terms of plate 
dimensions, considering the storage space. Another ratio is created between the power 
of the appliance and the cooking area with a purpose to describe the performance of 
the cooking area.  
Efficiency Ratio Performance Ratio 
𝜂𝛢 =
𝛢𝐶
𝐴𝑆
∙ 100 𝜂𝐵 =
𝑃
𝐴𝐶
∙ 100 
Table 2:  Evaluation Ratios 
Where: AC = Cooking Area, As = Storage Area, P = Power 
I make an experiment with some appliances of the market, to collect some 
typical values for the above ratios. Below you can see the nominal power, the external 
dimensions for both the appliance and plate, and every possible cooking position, for 
several kind of appliances, like a sandwich maker (figure 12), a small toast maker (figure 
13) and a big toast maker (figure 14). 
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Figure 12: Sandwich Maker Basic Structure, Source: (Ulrich & Eppinger, 2012) 
 
 
Figure 13:  Small Toast Maker Basic Structure, Source: (Ulrich & Eppinger, 2012) 
 
 
Figure 14:  Toast Maker Basic Structure, Source: (Ulrich & Eppinger, 2012) 
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Nominal Power [W] 700 1600 1800/2000 
Plate Dimensions [mm] 208 x 116 275 x 190 295 x 205 
External Dimensions [mm] 227 x 230 375 x 285 395 x 325 
Table 3:  Specification Summary Table 
 
The results are presented in figure (15). As table (3) indicates, four appliances 
with different specifications were examined. In the diagram, the left point indicates the 
appliance shown in figure (12). This sandwich maker has the lowest performance and 
efficiency ratio. The low efficiency shows that the total projected area of the appliance 
is much bigger than the cooking area. The middle points indicate the appliance of figure 
(14). This is a platform of 2 toast makers with same size but different nominal power. 
The upper point indicates the one with the biggest power and the lower point indicates 
the one with the lowest nominal power. The right point indicates the appliance of figure 
(13). This toast maker has the highest efficiency ratio and a very good performance ratio, 
which shows that this appliance has the best proportions of efficiency and performance. 
The above way of efficiency and performance evaluation will help me to design an 
appliance with optimized proportions.  
 
Figure 15: Diagram Efficiency-Performance ratio 
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Table (4) is created to illustrate the food capacity for the above models. 
Concerning the fact that we live 2 people in the house, our cooking needs can be: 
- 2 toasts 
- 4 burgers 
- 2 steaks 
I asked people with the same living conditions, both in my social and work 
environment, and their needs are the same with mine. The above needs can be met by 
a category of appliance that it is placed between model 1 and model 2, indicated by 
table (3). That helps me to set the storage and cooking dimensions of the appliance. 
 After several tests, I came up to the final plate dimensions of the new, under-
development, appliance.  
 
Table 4:  Food capacity for the examined appliances 
 
Figure 16: Under development plate capacity 
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The dimensions are set not only in terms of the requested food quantity but also to 
approach a very famous design aspect, named golden ratio. Indeed, the ratio 275/170 
approaches the golden ratio which is equal to 1.618. The active cooking area is equal to 
258mm x 153mm. In order to determine plate’s dimension, I used: 
- Normal-size toast: 11x11 [mm] 
- Big-size toast: 12x12 [mm] 
- Burger’s diameter: 80mm (Set by Standards) 
- Steak’s outer dimensions: 180x90 [mm] 
From the above foods, steak’s shape can difficult be determined. For this reason, I 
choose to evaluate it by creating a carton-based prototype plate and place 2 steaks 
bought from the market. The size of them can be thought as a normal size in terms of 
portion. Figure (17) illustrates the test. 
By finalizing plate’s outer dimension, storage area can easily be defined. Having 
in mind that the category of this appliance is between a sandwich maker and a small 
toast maker, the boundary values regarding the performance and efficiency ratio, will 
be set by these 2 categories (figure15): 
For the efficiency ratio, the acceptable value must be: 45.84 ≤ X ≥ 48.89 
For the performance ratio, the acceptable value must be: 2.92 ≤ Y ≤ 3.06 
 
Figure 17: Test of placing real steaks up on a carton-base plate prototype. 
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Taking into consideration the above assumption and after several numerical 
experiments, I came up to the possible outer dimensions of the appliance: 
If the outer dimensions of the appliance are: 281.5 x 284.8 mm, and the nominal power 
is 1200W, then the diagram shown in figure (15) is reformed as below: 
By using these specifications, the appliance’s position in the diagram is indicated 
by orange color. The efficiency ratio is ≥ 49.4 and the performance ratio approaches the 
upper boundary value (3.03) that the small toast maker set. These values are acceptable 
and satisfy my initial target values beyond my expectations. The performance ratio is 
much higher than the corresponding values of the chosen appliances. That shows that 
the inactive area of this appliance is smaller than the others, which is an acceptable 
result, considering the initial needs. Its efficiency ratio approaches the small toast 
maker’s efficiency, which shows that we can achieve similar efficiency with smaller 
appliance dimensions. In general, I have eliminated the storage area by active area 
optimization. 
• Market Trends: 
A research took place to investigate the market trends. All results have been 
collected from a very famous, internet-based, searching platform (Skroutz). This 
platform collects data from several stores in the market and provide information about 
popularity, price and specification. In this way, every user can compare products 
regarding all its aspects. The total number of appliances that the platform includes is 
390 pieces. 
 
Figure 18: Final diagram of Efficiency-Performance ratio 
  
2,98
3,31
3,06
2,92
3,03
2,5
2,7
2,9
3,1
3,3
45,5 46 46,5 47 47,5 48 48,5 49 49,5 50
η
Β
[-
] 
ηΑ [%] 
  
45 
Design and Development of a Small Household Appliance 
The highest volume of appliances in the market belongs to the sandwich maker 
category (66%), when, only the 28% belongs to the toast maker category. There is a 
middle category, in which, the dimensions of the appliance are between the sandwich 
maker category and the toast maker category. The existence of this middle category 
pronounce a, not so popular, category, which can be thought as an unexploited market 
opportunity. 
 
 
Figure 19: Market Research for toast and sandwich makers, Source: (www.Skroutz.gr) 
  
 
Figure 20: Number of models per category, and their capacity in terms of toast dimensions, Source: 
(www.Skroutz.gr) 
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Figure (20) illustrates the number of models in each category in comparison with 
the capacity, in terms of toast dimensions. In the sandwich maker category, there are 
257 appliances in total, from which the 99.6% of them use plates with capacity of 2 
toasts when, only the 0.4% of them use plates with capacity of 1 toast. In the middle 
category, there are 23 appliances in total, from which the 82.6% of them use plates with 
capacity of 2 toasts when, the 17.4% of them use plates with capacity of 4 toasts. In the 
toast maker category, there are 110 appliances in total, from which the 60.9% of them 
use plates with capacity of 4 toasts when, the 39.1% of them use plates with capacity of 
6 toasts. 
 Figure (21) illustrates the prevailing nominal power of models in each category. 
In the sandwich maker category, there are 105 appliances with nominal power equal to 
750W. In the middle category, there are 6 appliances with nominal power equal to 
1200W. In the toast maker category, there are 49 appliances with nominal power equal 
to 2000W. By using figure (21) we can decide the nominal power of the under-
development appliance, according to the category that it will belong to.  
 
Figure 21: The most common nominal power for each category, Source: (www.Skroutz.gr) 
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• Study Customers: 
In order to make up some valid conclusions about the market, it is vital to get 
information from users (or possible users). A questionnaire has been created so to 
record customer characteristics and preferences. The questionnaire contains 20 
questions and has been given in 40 people.  
Considering figure (19), in the market there are more sandwich makers than 
toast makers. However, figure (22) shows that almost similar percentages are using both 
categories. We can conclude that there is a need to use a bigger appliance than a typical 
sandwich maker size.  
According to the questionnaire answers, figure (23) illustrates the food 
preferences. Only a small percentage of them use their appliance to prepare a meat or 
a vegetable meal individually. A 30% of people use their appliance in order to make 
toasts.  However, there is a big percentage of people that use their appliance to prepare 
all the above foods or a combination between them. This diagram shows that the 50% 
of the questioned people tend to use their appliance to prepare several types of food 
and not only one type. The preferences between toast and other foods (meat, 
vegetables etc.), represent what category of appliance, most of the people, have in 
possess.   
 
Figure 22: User preferences according to the questionnaire 
  
 
Figure 23: Food preferences according to the questionnaire 
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According to the above results, it is obvious that most of the questioned people 
prefer toast makers. For this reason, I choose to further analyze how these people use 
their toast maker based on the portions of food (toast, burger, steak) that they roast in 
every possible position of the appliance.  
Diagram on figure (24) illustrates user preferences in terms of toast portions. In 
most cases, users use their toast maker to roast 1 or 2 toasts. Based on table (4), If we 
consider that a toast maker can fit 4 to 6 toasts (depending on toast maker’s size), we 
can conclude that there is an overestimated need of using big plate dimensions. 
According to the diagram shown in figure (25), for burger preparation, when 
appliance is in closed position, users prefer to use their toast maker to prepare 4 to 6 
burgers. Based on table (4), If we consider that a toast maker can fit 6 to 7 burgers 
(depending on toast maker’s size) we can see that there is a small deviation between 
the questionnaire results and the reality. On the other hand, in opened position, users 
prefer to grill 8 or 10 burgers. Based on table (4), If we consider that a toast maker can 
fit 12 to 14 burgers (depending on toast maker’s size), we can conclude that there is an 
overestimated need of using big plate dimensions. 
 
Figure 24: User preferences in terms of toast portions 
  
 
Figure 25:  User preferences in terms of burger portions in closed and opened position respectively 
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According to the diagram shown in figure (26), for steak preparation, when 
appliance is in closed position, users prefer to use their toast maker to prepare 2 or 4 
steaks. Based on the table (4), If we consider that a toast maker can fit 3 to 4 steaks 
(depending on toast maker’s size), we can say that needs are aligned between them. On 
the other hand, in opened position, users prefer to grill 4 or 6 steaks. Based on the table 
(4), If we consider that a toast maker can fit 6 to 8 steaks (depending on toast maker’s 
size), we can conclude that there is an overestimated need of using big plate dimensions. 
According to the above remarks, we can conclude that most of the people have 
needs that correspond to those, that a small size of a toast maker or even a smaller size, 
can meet. Namely, most of the questioned people prefer to grill 2 toasts or 5 burgers or 
4 steaks.  
4.1.3.3. Select opportunities 
In conclusion, through my personal interests’ investigation, the category of the, 
under-development appliance should be between a sandwich maker and a small toast 
maker with outer dimensions to be: 281.5 x 284.8 mm. The nominal power should be 
equal to 1200W so to have a good positioning of the appliance into the efficiency ratio 
– performance ratio diagram. 
 Through market trends, I get several information about how many appliances 
per category there are, the available capacity, in terms of toast dimensions, for each 
category, and the nominal power for each category. The existence of this middle 
category pronounce a, not so popular, category, which can be thought as an unexploited 
market opportunity. 
 
Figure 26:  User preferences in terms of steak portions in closed and opened position respectively 
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At the end, taking into consideration about user preferences, I conclude that 
there is a need to use a bigger appliance than a typical sandwich maker size. By 
investigating customers habits I realize that a lot of people use their appliance to prepare 
a combination of foods. For this reason, I chose to further analyze how these people use 
their toast maker based on food portions (toast, burger, steak) that they roast in every 
possible position of the appliance. Namely, most of the questioned people prefer to grill 
2 toasts or 5 burgers or 4 steaks. By combining the results between, my personal 
interests, market trends and customers preferences, A mission statement table can be 
created to indicate the basic characteristic of the appliance.  
Mission Statement 
Product description 
• An appliance between a sandwich maker and a small toast maker 
category (Middle Category), with outer dimensions 283 x 284.8 mm.  
• Nominal power equal to 1200W 
Benefit Proposition 
• Available cooking quantity enough for: 2 toasts or 4 burgers or 2 
steaks, with minimized outer dimensions of the appliance.  
Key Business Goals 
• Introducing a new product platform that gives the opportunity to 
prepare several types of food with optimized outer dimensions. 
Enhancing lives of people with restricted kitchen area.  
Primary Market • 25 – 35 years old 
Secondary Markets • University students 
Assumptions and 
Constraints 
• Keeping the cost low 
Stakeholders 
• Purchasers and users 
• Manufacturing operations 
• Service operations 
• Distributors and resellers 
Table 5:  Mission Statement table 
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4.2  Customer Needs 
4.2.1 Introduction 
Collecting customer needs is a process which aims to examine if a product 
entirely complies with these needs (Ulrich & Eppinger, 2012). Through this process, 
several unexplored needs might be discovered and, together with the most common 
needs, an archival record for future-development products can be created (Ulrich & 
Eppinger, 2012). By following this process, it can be ensured that the most vital needs 
have been recorded (Ulrich & Eppinger, 2012). All recorded needs lead to the 
exploration of the product specifications. The process consists of 4 steps: 
1. Collect raw data from customers 
2. Convert raw data into customer needs 
3. Organize the needs hierarchically 
4. Set the Relative importance of the needs 
 
4.2.2  General about Gathering Customer Needs 
The interaction between those who use the product and those who develop the 
product is one of the best ways to create an efficient product. When this direct 
experience takes place on user’s environment, several innovative solutions can be 
discovered to meet customer needs (Ulrich & Eppinger, 2012). There are several ways 
to collect raw data from customers like, Interviews, focus groups and observation during 
use (Ulrich & Eppinger, 2012). Furthermore, Documentation consist of audio and video 
recordings, notes or photographs (Ulrich & Eppinger, 2012). 
 
4.2.3  Collect Raw Data from Customers  
The result of this process is a table which contains customer statements. A good 
way to get information from customers is to show a collection of existing products in the 
market (Ulrich & Eppinger, 2012). In this way, interviewers can see early customer 
reactions (Ulrich & Eppinger, 2012). Furthermore, users can make a demonstration of 
the product and its features (Ulrich & Eppinger, 2012). During this process, user might 
express something that can reveal a latent need (Ulrich & Eppinger, 2012). Considering 
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that sometimes an action is a better way to communicate a need, it is important to be 
aware of the nonverbal messages that customer expresses (Ulrich & Eppinger, 2012).  
Table (6) and (7) illustrate the recorded customer statements. 
 
 
No. Customer Statement (1/2) 
1 Sometimes I’m having trouble during storing 
2 I can’t easily place/remove it on/from the rack because its opens easily 
3 It would be nice if the appliance has a compact shape 
4 Sometimes it takes a lot of time to cook on this type of appliances 
5 Most of the times I only use a small area of the plates to cook. 
6 I feel sure that food is ready as soon as I see stripes up on it. 
7 When I place food all over the plate, the pieces that are placed in the edges are not evenly 
baked 
8 The food must be cooked also inside, not only in the external surfaces 
9 When I bought a similar appliance, I cope with the problem of not understanding how it 
works. 
10 I ‘d prefer the plates to be removable 
11 I believe that the existence of a warning light is necessary 
12 Fat should be drained somewhere 
13 The most annoying thing is power cord wrapping. 
14 Small power cord length always drives me to place the appliance in a strange position 
15 I feel very good when my hand fits well in appliance’s handle 
16 Different food thickness must be capable to be grilled 
17 It would be nice if the appliance looks good on kitchen bench 
18 I believe that appliance should weight less 
19 For safety reasons, I d’ prefer appliance’s activation and deactivation to be manually 
controlled 
20 Sometimes it is difficult to clean the fat all around the appliance 
21 I forgot to deactivate the appliance because I had removed the food from inside and then I 
left the lid opened. There wasn’t any indication that appliance was activated. 
22 I cope with an injury from a hot surface on the top of the appliance 
23 It is more easily to use an appliance that has similar operation with a typical electric oven 
24 The appliance slips easily on kitchen bench 
25 I had an appliance that food always get stuck on the plates of it 
Table 6:   Customer statements (1/2) 
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No. Customer Statement (2/2) 
26 It would be nice if the appliance has the ability to stay in upright position because this helps 
me storing it 
27 It is very comfortable for me to have the plates washed in a dishwasher  
28 I had an appliance that, when you had the food removed from inside, the upper lid was 
causing an unbalancing state, as a result the appliance to overturn  
29 After cooking on the appliance, I observed that Kitchen bench temperature was risen which 
might cause to bench quality issues 
30 I would like to recycle my appliance after several years of use 
31 It is very practical for me to use an appliance that have several knob positions depending on 
what food I want to prepare  
32 It is difficult to control the rotation of knob when the control panel is not inclined   
33 I cannot see the vectors 
34 I can turn the knob, but I don’t understand in which position am I. 
35 There isn’t any warning when the fat tray was full and fat overflow all over the kitchen bench. 
36 I can not understand if the plates are placed correctly 
37 I can’t understand if the appliance is locked 
38 Knob height is not enough to grab it  
39 Sometimes I confused during the upper and lower plate positioning 
40 When I bought the appliance, I couldn’t carry it due to its weight 
41 When I firstly opened the gift box, I couldn’t Pull off the appliance easily 
42 When I took off the appliance, I couldn’t open it. Then I realized that it was locked 
43 The should have a firm handle 
44 The handle should be soft to the hands 
45 It should last at least 7 years 
46 It should cost less than 25-40 euros  
47 I don’t want to see marks on the appliance’s main parts 
48 I consciously push the plate release button instead of pulling it 
49 Kitchen’s lights reflect on the lens, giving me the sense that appliance is working 
50 There are many incorrect connections between some parts 
Table 7:   Customer statements (2/2) 
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4.2.4  Convert Raw Data into Customer Needs 
Every information that is arisen from customer statements must be converted in 
a way that expresses the need in terms of what the product must do, not in terms of 
how it might do it (Ulrich & Eppinger, 2012). The level of the expressed need must be in 
the same level with customer’s statement, so to avoid an incorrect interpretation (Ulrich 
& Eppinger, 2012). Following that customer needs will be converted into specifications; 
it is very important to expressed them as positively as possible (Ulrich & Eppinger, 2012). 
In this way it will be easier to convert them (Ulrich & Eppinger, 2012). Considering the 
last step, it is wrong to use words like “must” and “should” because they express the 
level of importance (Ulrich & Eppinger, 2012). Table (8) and (9) illustrates customer 
statement interpretation. 
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No. Customer Statement Interpreted Need (1/2) 
1 Sometimes I’m having trouble during storing  The appliance can be stored easily  
2 
I can’t easily place/remove it on/from the rack because its opens 
easily  
The appliance can be locked in closed position 
3 It would be nice if the appliance has a compact shape The appliance can be compact  
4 Sometimes it takes a lot of time to cook on this type of appliances The appliance can cook fast 
5 Most of the times I only use a small area of the plates to cook. 
The appliance can have a satisfying capacity for 
food 
6 I feel sure that food is ready as soon as I see stripes up on it.  
The appliance will have the ability to create stripes 
on the food 
7 
When I place food all over the plate, the pieces that are placed in 
the edges are not evenly baked 
The appliance can grill the food evenly 
8 
The food must be cooked also inside, not only in the external 
surfaces 
The appliance can grill the food normally inside and 
out 
9 
When I bought a similar appliance, I cope with the problem of not 
understanding how it works. 
The appliance will be operated easily 
10 I ‘d prefer the plates to be removable  The plates can be ejected from the appliance 
11 I believe that the existence of a warning light is necessary 
The appliance will warn the user about the state of 
cooking  
12 Fat should be drained somewhere The appliance will drain the fat 
13 The most annoying thing is power cord wrapping. The power cord will be easily be folded 
14 
Small power cord length always drives me to place the appliance 
in a strange position 
The power cord length will be long enough 
15 I feel very good when my hand fits well in appliance’s handle The appliance will have an ergonomic handle 
16 Different food thickness must be capable to be grilled 
The appliance will be able to grill food with 
different thickness  
17 It would be nice if the appliance looks good on kitchen bench 
Appliance’s style will be harmonized with kitchen’s 
style 
18 I believe that appliance should weight less The appliance can be lightweight 
19 
For safety reasons, I d’ prefer appliance’s activation and 
deactivation to be manually controlled 
The appliance will be manually controlled 
20 Sometimes it is difficult to clean the fat all around the appliance The appliance can be easily cleaned 
21 
I forgot to deactivate the appliance because I had removed the 
food from inside and then I left the lid opened. There wasn’t any 
indication that appliance was activated. 
The appliance will have a warning light on a visible 
spot 
22 
I cope with an injury from a hot surface on the top of the 
appliance 
The appliance will be protected on the top side 
23 
It is more easily to use an appliance that has similar operation 
with a typical electric oven 
The appliance can have a control knob 
24 The appliance slips easily on kitchen bench The appliance will be prevented from sliding 
25 I had an appliance that food always get stuck on the plates of it The food will not stick in plates 
Table 8:   Interpreted Needs (1/2) 
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No. Customer Statement Interpreted Need (2/2) 
26 It would be nice if the appliance has the ability to stay in 
upright position because this helps me storing it 
The appliance will be standing up when it is stored 
27 It is very comfortable for me to have the plates washed in a 
dishwasher  
Plates will be dishwasher safe 
28 I had an appliance that, when you had the food removed 
from inside, the upper lid were causing an unbalancing state, 
as a result the appliance to overturn  
The appliance will be stable enough 
29 After cooking on the appliance, I observed that Kitchen 
bench temperature was risen which might cause to bench 
quality issues 
The appliance will protect kitchen bench 
30 I would like to recycle my appliance after several years of use The appliance will be environmentally friendly 
31 It is very practical for me to use an appliance that have 
several knob positions depending on what food I want to 
prepare  
The appliance will have several knob positions 
according to the food type 
32 It is difficult to control the rotation of knob when the control 
panel is not inclined   
The control panel will be inclined 
33 I can not see the vectors Vectors will be visible enough 
34 I can turn the knob, but I don’t understand in which position 
am I. 
Create a sound feedback when it is rotating 
between positions. 
35 There isn’t any warning when the fat tray was full and fat 
overflow all over the kitchen bench. 
The appliance will warn the user about the level of 
the fat inside the tray 
36 I can not understand if the plates are placed correctly The plate locking can have a sound feedback 
37 I can’t understand if the appliance is locked The locking will have a sound feedback 
38 Knob height is not enough to grab it  Optimize the knob height 
39 Sometimes I confused during the upper and lower plate 
positioning 
Plate positioning will be understandable  
40 When I bought the appliance, I couldn’t carry it due to its 
weight 
The appliance will be easily carried 
41 When I firstly opened the gift box, I couldn’t Pull off the 
appliance easily 
The appliance will be easily pulled off the gift box 
42 When I took off the appliance, I couldn’t open it. Then I 
realized that it was locked 
The appliance will be easily be opened 
43 The appliance should have a firm handle The appliance has an efficient handle 
44 The handle should be soft to the hands The appliance handle is smooth 
45 It should last at least 7 years the appliance is sustainable 
46 It should cost less than 25-40 euros  The appliance cost remains rational 
47 I don’t want to see marks on the appliance’s main parts The appliance will be scratch resistant  
48 I consciously push the plate release button instead of pulling 
it 
Plate Release button will work in a manner way 
49 Kitchen’s lights reflect on the lens, giving me the sense that 
appliance is working 
Lens will be placed in a correct position 
50 There are many incorrect connections between some parts Visible parts will have good shut lines 
Table 9:   Interpreted Needs (2/2) 
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4.2.5 Organize the Needs Hierarchically  
The aim of this step is to categorize every need according to their similarity 
(Ulrich & Eppinger, 2012). A set of similar needs (secondary need) are composing a group 
of primary needs (Ulrich & Eppinger, 2012). In order the procedure to be easily 
implemented, several cards or stick-notes can be created which will include all the needs 
(Ulrich & Eppinger, 2012). In this way, cards can be re-positioned and categorized easily 
(Ulrich & Eppinger, 2012). Cards that express the same needs can be combined and 
create a single card (Ulrich & Eppinger, 2012). Grouping must be created following 
customer’s way of thinking and not by thinking of a physical component or according to 
a technological perspective (Ulrich & Eppinger, 2012). The label of the supergroup can 
be chosen either from one of the secondary need labels or it can be written as a new 
need statement (Ulrich & Eppinger, 2012). If there are more than 20 groups, then it is 
better to create supergroups (Ulrich & Eppinger, 2012). In this case, a supergroup will 
express a primary need, a group will express a secondary need and the members will 
express tertiary needs (Ulrich & Eppinger, 2012). 
 
4.2.6  Set the Relative Importance of the Needs  
A development team must get an idea of how important a customer need is. In 
this way, it will be able to make trades-offs correctly. The procedure of rating the needs 
by creating a numerical importance weighting, can be done either from the 
development team or based on customer surveys (Ulrich & Eppinger, 2012). In the first 
case, the results come up fast and cheap where in the second case, we have more 
accurate results (Ulrich & Eppinger, 2012).  The numerical importance weighting can be 
arranged in a scale of 1-5 or by the number of symbol (*) (Ulrich & Eppinger, 2012). 
While common needs are weighted with these type of scales, latent needs are weighted 
additionally with the symbol of (!) (Ulrich & Eppinger, 2012). Latent needs are not critical 
because if there were, then customers would not be surprised but, in contrast, they 
would expect it to see them on the list (Ulrich & Eppinger, 2012). Table (10) shows both 
the hierarchy of the needs and the level of importance. 
  
58 
Design and Development of a Small Household Appliance 
Level of 
importance 
Number 
of Need 
Needs 
1 / *** 1.1 The appliance cost remains rational 
   
2  The appliance is good looking 
*** 2.1 Appliance will be overall beautiful. 
   
3  The appliance is easy to set up and use 
*** 3.1 The appliance will be manually controlled. 
** 3.2 The appliance will have a control knob. 
** 3.3 The appliance will have several knob positions according to the food type. 
* 3.4 Vectors will be visible enough. 
   
4  The appliance cooks well and fast 
**! 4.1 The appliance will have the ability to create stripes on the food. 
** 4.2 The appliance can grill the food evenly. 
*** 4.3 The appliance can grill the food normally inside and out. 
** 4.4 The appliance will be able to grill food with different thickness. 
*** 4.5 The appliance can have a satisfying capacity for food. 
   
5  The appliance’s features are easy to understand 
*! 5.1 The appliance will give a feedback when it locks. 
*! 5.2 The appliance will give a feedback when plates are locked.  
**! 5.3 The appliance will give feedback when knob rotates between positions. 
***! 5.4 The appliance will warn the user about the level of the fat inside the tray.  
** 5.5 Plate positioning will be understandable. 
*** 5.6 The appliance will warn the user about the state of cooking.  
   
6  The appliance is efficient 
** 6.1 The power cord length will be long enough. 
** 6.2 The appliance will have a warning light on a visible spot. 
* 6.3 Lens will be placed in a correct position. 
** 6.4 Knob dimensions will be optimized. 
** 6.5 The control panel will be inclined. 
*** 6.6 The appliance will drain the fat. 
*** 6.7 The power cord will be easily folded. 
* 6.8 Plate Release button will work in a good way. 
   
7  The appliance is easy to store 
** 7.1 The appliance can be compact. 
** 7.2 The appliance can be lightweight. 
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*** 7.3 The appliance will be standing up when it is stored. 
*** 7.4 The appliance can be locked in closed position. 
   
8  The appliance is easy to clean 
*** 8.1 The plates can be ejected from the appliance. 
** 8.2 Plates will be dishwasher safe. 
** 8.3 The food will not stick in plates. 
   
9  The appliance feels good in the user’s hand 
*** 9.1 The appliance will have an ergonomic handle. 
** 9.2 The appliance handle is smooth. 
   
10  The appliance is stable 
** 10.1 The appliance will be prevented from sliding. 
** 10.2 The appliance will be prevented from overturning. 
   
11  The appliance has a good quality level 
* 11.1 The appliance will be scratch resistant (quality) 
* 11.2 Visible parts must have good shut lines (quality) 
   
12  The appliance is safe 
** 12.1 The appliance will be heat safe on the top side. 
*! 12.2 The appliance will not damage kitchen bench. 
   
13  The appliance lasts a long time 
** 13.1 The appliance should be environmentally friendly. 
* 13.2 the appliance is sustainable. 
   
Table 10:   Interpreted Needs (2/2) 
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4.3  Target Specifications 
4.3.1 Introduction 
While customer needs represent customer’s interests, there must be something 
to guide those who develop a product in a way to satisfy these needs by technical point 
of view. This is achieved by establishing specifications (Ulrich & Eppinger, 2012). 
In other words, customer needs express, in a qualitative way, what the product 
should do, while specifications express in a quantitative way, what the product should 
do. 
Every customer’s statement is converted into a customer need and every 
customer need represents a specification. 
A specification is decomposed into two segments: a metric and its value (Ulrich 
& Eppinger, 2012). Metric express a customer need in a more technical way (e.g., mass, 
time), while its value expresses the unit of measurement (e.g., grams, seconds) (Ulrich 
& Eppinger, 2012) 
The development phase is not a linear process but instead, it is continuously 
changing, influencing several technical aspects of the product. Depending on complexity 
of the product, specifications can be established two times (Ulrich & Eppinger, 2012). 
Target specifications are set early in the development phase, right after the customer 
needs identification process, and expresses the aspirations of the team (Ulrich & 
Eppinger, 2012). As the development phase is running through, several technological 
constrains are coming up, having as a result to influence several technical metrics (Ulrich 
& Eppinger, 2012). A development team must make frequent trade-offs throughout the 
process before establishing the final specifications (Ulrich & Eppinger, 2012). In case of 
a simple product, specifications might be established one time after the customer needs 
identification process (Ulrich & Eppinger, 2012). In this dissertation, only target 
specifications will be indicated.  
 
Every metric must be reflected by a recorded need as directly as possible, so to 
be useful enough (Ulrich & Eppinger, 2012). A good translation of a customer need into 
a measurable specification can lead to a customer need satisfaction (Ulrich & Eppinger, 
2012). Because the translation process is inaccurate, it is generally believed that those 
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who collect customer needs must establish also the specifications (Ulrich & Eppinger, 
2012). In this way, every customer need will be understandable and easier to be 
translated (Ulrich & Eppinger, 2012). 
There can be more than one metrics which describe a customer need (Ulrich & 
Eppinger, 2012). A way to indicate the relation between needs and metrics is to create 
a table which lists the number of the needs related to each metric, just next to each cell 
of a metric (Ulrich & Eppinger, 2012). As a metric is not a statement, but includes a 
measurement unit, it provokes that it should be practical (Ulrich & Eppinger, 2012). 
There is no point to have a metric which indicates a unit that it is not practical enough 
to help a development team satisfy the need/s that should meet (Ulrich & Eppinger, 
2012). During the need-metric table preparation, it is sure that some metrics will not be 
able to be measured (Ulrich & Eppinger, 2012). In this case, the unit of a metric is 
clarified as subjective (Ulrich & Eppinger, 2012). Furthermore, if the metric is relative to 
a standard safety test, the unit is set as pass/fail (Ulrich & Eppinger, 2012). 
Same as in the customer needs gathering process, an importance rating should 
also take place (Ulrich & Eppinger, 2012). If a metric represents only one customer need, 
then the importance will be the same with customer need relative importance (Ulrich & 
Eppinger, 2012). On the other hand, if a metric represents more than one customer 
need, then the importance is set considering the nature and the importance of the needs 
(Ulrich & Eppinger, 2012). 
Table (11) indicates the conversion of customer needs into metrics. 
No. of 
need 
Needs 
No. of 
metric 
Metric importance Units 
1 The appliance cost remains rational 1 Price *** Euros 
2 Appliance will be overall beautiful. 2 Color *** Subj. 
3 The appliance will be manually controlled. 3 On/Off Switch *** binary 
4 The appliance will have a control knob. 4 Number of Knobs ** Number 
5 
The appliance will have several knob positions 
according to the food type. 
5 Angle of Rotation ** deg 
6 Vectors will be visible enough. 6 Vector dimensions * mm 
7 
The appliance will have the ability to create stripes on 
the food. 
7 
8 
Plate rib width 
Plate rib height 
**! mm 
8 The appliance can grill the food evenly. 
9 
10 
Heating element power 
Heating element length 
*** 
W 
Mm 
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11 
12 
Heating element width 
Time 
s 
9 
The appliance can grill the food normally inside and 
out. 
13 
14 
Power 
Heat transfer coefficient 
*** 
W 
- 
10 
The appliance will be able to grill food with different 
thickness. 
15 Hinge Height adjustability ** mm 
11 The appliance can have a satisfying capacity for food. 16 Plate Capacity *** mm2 
12 The appliance will give a feedback when it locks. 17 Sound Feedback *! dB 
13 
The appliance will give a feedback when plates are 
locked. 
18 
19 
Sound Feedback 
Lock Force 
*! 
dB 
N 
14 
The appliance will give feedback when knob rotates 
between positions. 
20 
21 
Sound Feedback 
Torque 
**! 
dB 
Nm 
15 
The appliance will warn the user about the level of 
the fat inside the tray. 
22 Volume ***! mm3 
16 Plate positioning will be understandable. 23 Indication/ same plate ** 
Subj./Subj
. 
17 
The appliance will warn the user about the state of 
cooking. 
24 
25 
Light Intensity 
Sound 
*** 
Lm 
dB 
18 The power cord length will be long enough. 26 Active Length ** mm 
19 
The appliance will have a warning light on a visible 
spot. 
27 Section positioning ** Subj. 
20 Lens will be placed in a correct position. 
28 
29 
Inclination 
Distance from a point 
* 
Deg 
mm 
21 Knob dimensions will be optimized. 
30 
31 
Diameter 
Height 
** mm 
22 The control panel will be inclined. 32 Inclination ** Deg 
23 The appliance will drain the fat. 33 Width / diameter *** mm 
24 The power cord will be easily folded. 
34 
35 
Turn Radius 
Material Hardness 
*** 
Mm 
- 
25 Plate Release button will work in a good way. 
36 
37 
38 
Friction Area 
Friction Coefficient 
Spring Stiffness 
* 
mm2 
- 
N/mm 
26 The appliance can be compact. 
39 
40 
Volume 
Dimensions 
** 
mm3 
mm 
27 The appliance can be lightweight. 41 Mass ** Kg 
28 The appliance will be standing up when it is stored. 42 Temperatures according to VDE *** Pass/Fail 
29 The appliance can be locked in closed position. 43 Spring preload *** N 
30 The plates can be ejected from the appliance. 44 Spring Stiffness *** N/m 
31 Plates will be dishwasher safe. 45 Standard Compliance ** Pass/Fail 
32 The food will not stick in plates. 46 Standard Compliance ** Pass/Fail 
33 The appliance will have an ergonomic handle. 
47 
48 
Level of comfort 
Diameter/ height-width 
*** 
Subj. 
mm 
34 The appliance handle is smooth. 
49 
50 
Friction coefficient μ (between 
hand and handle) 
Roughness of material 
** 
Number 
of μ 
μm 
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Most of these specifications are going to be implemented during the design of every 
part of the appliance where some others can be used for future product development.  
During target specification establishment, similar metrics of competitor product 
can also be recorded, with a view to represent reference values. Concerning that this 
dissertation aims to reach the point until the concept generation phase, only a 
qualitative image of metrics is required. For this reason, the numerical definition of the 
metrics is skipped, although, some of them will be applied for the design of the included 
parts. 
 
 
 
 
 
 
 
 
 
35 The appliance will be prevented from sliding. 51 
Friction coefficient μ (between 
hand and bench) 
** 
Number 
of μ 
36 The appliance will be prevented from overturning. 52 Mass distribution *** Kg 
37 The appliance will be scratch resistant (quality) 53 Material Hardness * - 
38 Visible parts must have good shut lines (quality) 54 Tolerance * mm 
39 The appliance will be heat safe on the top side. 55 Standard Compliance ** Pass/Fail 
40 The appliance will not damage kitchen bench. 
56 
57 
Distance from bench 
Air vent dimensions 
*! mm 
41 The appliance should be environmentally friendly. 58 Recyclability ** Subj. 
42 the appliance is sustainable. 59 Life time * h 
Table 11:   Specifications in early form 
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4.4 Morphology and Aesthetics 
4.4.1 Introduction 
Morphology describes the nature of a product in terms of shape characteristics. 
It is a mean also to show how a product might work. Morphology of a product is strictly 
connected with the term “Archetype”, which describes how most of the people think 
that a product looks like. A draft sketch, as an answer of the question, “what archetype 
is?”, is the best way to define an archetype. In the preliminary stage of design process, 
it is critical to choose the correct morphology because it represents the foundation of 
what is going to be developed.  
Following what most of the questioned people answer about how a toast maker 
looks like, and having a look on customer needs, I choose a morphology that can satisfy 
both. Figure (27) illustrates the chosen morphology of the appliance. The frontal area is 
inclined to make visible both control knob positioning and its vectoring. As the 
morphology is chosen, several other visual aspects of the product must be defined, like 
the aesthetics, featuring the corporate identity, the interface and ergonomics.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27: Morphology of the under-development product. 
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4.4.2 Aesthetics 
Aesthetics is the mean which stimulates the senses and the interest of a person.  
Synesthesia is a combination of senses that can be thought as an inspiration for the 
designers. Several opportunities and experiences can be created during the combination 
or isolation of several aesthetic elements. The term “Aesthetics” has a lot of shades of 
meaning but the one that superiors is that it captures the sensory attributes of a 
product. Product’s personality can be defined if designers manipulate these senses and 
their reactions to them. There is always an argument between the opinion that declares 
which sector superiors- form or function. There is the opinion which supports that form 
follows function, featuring that, if a product is technically designed well then it will also 
be aesthetical appeal. On the other hand, there is the opinion which supports that when 
a product is built around a function, then it is merely engineered. Both engineering and 
industrial design influence the success of a product (Ashby & Johnson, 2010).  
Corporate Identity is a way of communication between an organization and a 
customer (Leuthesser & Kohli, 1997). Brand can be thought as one of the most important 
assets of a company because it creates emotional connections between company’s 
philosophy, strategy, behavior, symbolism and its products (Ashby & Johnson, 2010).  
Brand is defined though continuously conveyance of its characteristics from one 
generation of products to the next (Ashby & Johnson, 2010). The industrial design, which 
express every aspect of a company, declares the main foundations of a company like 
what it is, or how it wants to be appeared (Ashby & Johnson, 2010).  One way to create 
a materiality connection between customers and a brand is to use tangible design 
expressions which shows that marketing and advertising is not the only way to build this 
connection (Ashby & Johnson, 2010). 
The design of a product can be independent of its brand characteristics 
considering that this can be a reason of design evolution. Usually, that happens for 
future concepts, to exalt brands vision. In our case, the product development is made 
considering the theoretical fact that it can be presented and proposed on a company, 
so it is decided to keep the design language of a brand. I choose the brand of Delonghi, 
because I like their design approach and it is also a well-known brand on the market. 
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 The first aim before the design of the appliance is to decompose the design 
language of the brand. An internet-based search took place to collect several product 
pictures of this brand. Most of their products has an external contour of a variable 
chamfer which gradually converted into a round corner. This design feature will be the 
basic element of the product design. Figure (28) shows some of the products that 
Delonghi has, where the key-element of brand’s design language is indicated with red 
color. 
 Personally, this design characteristic shows the evolution of design in general, 
because it starts with an inclined line and ends up in a gradually - bigger round corner. 
Line represents the folded-type design back on 70’s and rounded corner represents 
today’s design approach.  
 
Figure 28: Delonghi Design Language 
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Figure (29) illustrates the product in an early form. The outer contour is based 
on Delonghi design language based on several kind of their products. The contour can 
be described as a variable chamfer which gradually converted into a round corner. 
Considering that the main control elements are going to be placed on the frontal side of 
the appliance, an inclination is necessary, so to make visible all control elements. 
From aesthetical point of view, an inclination of 2 degrees are applied on the top 
lines of the appliance so to exceed the angle that perspective creates. As a result, user 
see these lines as straight lines. Similar design approach has the Parthenon in Athens. 
 
 
 
 
Figure 29: Embodying Delonghi design language on the product (Designed in Solidworks) 
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4.4.3 User Interface and Ergonomics 
Design can determine if a product is understandable, safe, effective and pleasing 
(Ashby & Johnson, 2010). Several design means can be used to make a product 
understandable like, proportions, colors that applied in controls, lights, sounds, displays 
etc. (Ashby & Johnson, 2010). A lot of users prefer a simple, small-size and easy to 
understand product. For this reason, a designer must express product use via interface 
in a limited space (Ashby & Johnson, 2010). 
The word “ergonomics” is derived from 2 Greek words: The first one is “ergos”, 
which means “work” and the second one is “nomos” which means “law”. (Pheasant, 
2003). 
According to, “Ergonomics is the science of work: of the people who do it and the 
ways it is done; the tools and equipment they use, the places they work in, and the 
psychosocial aspects of the working situation” (Pheasant, 2003). In other words, 
Ergonomics is the scientific discipline concerned with the understanding of the 
interactions among humans and other elements of a system. 
According to Stephen Pheasant, regarding the principle of user-centered design, “If 
an object, a system or an environment is intended for human use, then its design should 
be based upon the physical and mental characteristics of its human users” (Pheasant, 
2003) 
The ergonomics of a small household appliance mostly has to do with the interaction 
between user and several other features like, handle, function knobs, switches, plate 
releasing and unlocking of the appliance. 
The handle of the appliance must follow its architecture. For example, sandwich 
maker’s handle is embodied on the upper and lower lid of the appliance. On the other 
hand, toast maker’s handle is independent. In our case the handle is going to be 
independent and is intended to be rounded.  
By making several observations I saw that when users asked to open a sandwich 
maker, the orientation of the wrist gradually changed. That was annoying after a several 
number of repetitions. It is sure that during a sandwich preparation, a user barely uses 
the handle, so it can’t be totally accused as “annoying”. However, ergonomically this is 
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not overall functional. The most comfortable solution might be to keep the wrist’s 
orientation stable. This can only be achieved by a rounded handle, because during the 
opening of the appliance, the wrist stays stable. Furthermore, as the appliance has to do 
with heat, it must be ensured that user will feel comfortable to control the appliance. 
For this reason, I choose to make a metallic handle giving in this way a sense of cold 
touch. Figure (30) illustrates the designed handle. 
Considering market trends, a lot of appliances tend to use electronics. Most of 
them uses a screen, where all needed information is visible. The control of every feature 
is achieved by several ways like buttons, knobs or even push-rotating knobs. In many 
cases the user interface is confusing while, in some other cases, the interface is just like 
it should be. After I have seen a lot of solutions, I have decided to create an easy 
interface which will give the opportunity to the user to control the most necessary 
functions with the minimum possible interaction. In bigger grill appliances, user can 
choose between several preset programs, depends on what he wants to eat, each 
position corresponds to a specific working temperature which have set according to 
food’s grilling peculiarities. I believe that interaction can be thought as a closed loop, 
where user make an initial adjustment, according to his judgement, and then gets a 
feedback from the roasted food following his senses. Vision smell and sound can 
influence user’s decision about the temperature level adjusting.  For this reason, I chose 
to include a temperature adjustment. In some appliances there is an opportunity to 
adjust the temperature precisely but as soon as it is not an oven, a level-temperature 
adjustment is enough. 
 
 
Figure 30: Handle (Designed in Solidworks) 
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Another information is the roasting time, which is not obligatory. A lot of users 
use time to determine if something will be ready. Just like temperature adjustment, time 
adjustment is also a subjective factor. The difference between them is that when the 
adjusted point is reached, then appliance stops working. A re-adjustment of the time is 
needed in order to set the appliance back on working mode.  
For the user interface that shown in figure (31), I believe that only few control 
elements are needed. Specifically, an on/off switch a LED screen and a push-rotating 
knob. 
Following the recorder customer needs, an on/off button is obligatory to activate 
the appliance. This kind of button should be the first thing that will attract user’s 
attention during the first attempt of appliance activation. The design language that I 
select tries to attract user’s attention through color. Furthermore, the shape of it explain 
how it works, giving confidence to the user. I choose orange because it is strongly 
connected with color of an orange juice which gives you energy. So, when user see this 
color immediately know about how appliance is activated. Figure (32) illustrates the 
on/off button. 
 
Figure 31: User interface (Designed in Solidworks) 
  
 
Figure 32: On/Off button (Designed in Solidworks) 
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I select to install a push-rotating knob, so to minimize the involved control 
elements. I made several tests about the preferable knob geometry. The initial test has 
as a purpose to determine which is the preferable knob diameter. Several knobs were 
3D printed through FDM technology to simulate diameters from 22mm to 28mm. 
Several people were asked to choose the most comfortable knob. Most of them chose 
a diameter of 26mm. A second test took place with a purpose to determine the 
preferable knob height. Several knobs were 3D printed to simulate heights from 12mm 
to 22mm Most of them declare that a 18mm knob height is preferable. 3D printed parts 
of the above tests are shown in figure (33). 
The bigger challenge of the knob design is to explain that it can also be pushed. 
I tried to translate the pushing ability with a deformation of the knob shape in a way 
that can’t affect the grabbing of it but instead to improve it. Giving the sense that knob 
is deformed in a certain way, user can consciously be driven to push the button. This is 
achieved by 2 ways, the deformation on the back side and in the front side of the knob. 
According to figure (34), the front side has a concave shape and the back size end up in 
a gradually increasing diameter. On the peripheral area of the knob several ribs have 
placed to increase the grip between user’s finger and knob. Furthermore, as the 
appliance has to do with heat, it must be ensured that user will feel comfortable to 
control the appliance. For this reason, I choose to make a metallic knob giving in this 
way a sense of cold touch.  
 
 
 
 
 
 
 
 
 
 
Figure 33: 3D printed knobs for diameter and height determination 
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Knob’s practicality was examined by 3D printed models that tested from several 
users so to gain several comments about the ergonomics. 
 
Table (12) illustrates the settings for product operation, step by step. The current 
user interface gives the opportunity to skip time adjustment or to re-adjust the 
temperature level during operation.  
 
 
 
 
Figure 34: Push-rotating knob (Designed in Solidworks) 
  
 
 
 
 
 
 
 
 
Figure 35:  Final 3D printed knobs for evaluation 
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User push the orange knob to activate the appliance 
 
Temperature gauge and upper section symbol light up. 
User adjust the heat level on the upper section of the 
appliance by rotating the knob 
 
As soon as heat level is chosen, user define his choice 
by pressing the knob. 
 
Lower section symbol lights up. User adjust the heat 
level on the lower section of the appliance by rotating 
the knob. 
 
As soon as heat level is chosen, user define his choice 
by pressing the knob. 
 
Timer symbols lights up. User adjust the roasting time 
by rotating the knob 
 
As soon as time is chosen, user define his choice by 
pressing the knob. The time starts to countdown 
showing that product operates. By double pushing the 
knob, user can skip time adjustment. At this point, 
appliance starts operates. 
 
During operation, user can re-adjust the temperature. 
For example, if user wants to change the heat level on 
the lower section, he must push the knob twice and 
then adjust it according to the previous steps. 
Respectively, if he wants to change the heat level on 
the upper section, he must push the knob only once. 
 
As soon as time exceed the preset time limit, appliance 
automatically stops operate. At this point, a fat tray 
symbol blinking for one minute with a view to warn 
user for fat tray removal. User can turn off the 
appliance by pressing the orange button. 
Table 12:   Product operation settings 
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4.5  Problem Decomposition 
4.5.1 Introduction 
The definition of a concept can be the description of a product in an early form 
(Ulrich & Eppinger, 2012). It can include information about the technology that it is 
implemented, the functionality description and, of course, the form of the upcoming 
product (Ulrich & Eppinger, 2012). The form of a concept can easily be described by a 
sketch or even a 3D CAD model and should always be accompanied by a brief description 
(Ulrich & Eppinger, 2012). It can also conclude a description on how it will satisfy the 
customer needs (Ulrich & Eppinger, 2012). 
Concept generation can be described as a process in which promising concepts 
are generated in a form of subproblems (Ulrich & Eppinger, 2012). The procedure in 
which a complex problem is simplified into smaller subproblems is called problem 
decomposition (Ulrich & Eppinger, 2012). Several solutions are given in order to solve 
every individual subproblem. At the end, a combination between these solutions can 
form a satisfying number of concepts. By decomposing a problem of an upcoming 
product into subproblems, one can easily review all problems independently and solve 
them with a clearer mind. As soon as a development team gets familiar with the concept 
generation process, they will understand that it can be thought as a quick and relatively 
inexpensive process in comparison with other development procedures. 
The data that are used during this process are the customer needs, mission 
statement and target specifications. With these inputs, a set of concepts are generated 
and then the team can make the final selection. In most cases, 5 to 20 concepts will 
accept further consideration in contrast to hundreds of generated concepts (Ulrich & 
Eppinger, 2012). 
The first step of concept generation is to clarify the design problem (Ulrich & 
Eppinger, 2012). The Function diagram that is shown in figure (36), indicates a general 
“black box” that represent the overall function of the product (Ulrich & Eppinger, 2012). 
Having in mind customer needs, inputs that represent the most important needs must 
be selected.  
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Figure (37) illustrates the function diagram that indicates the decomposition into 
subfunctions. 
The most vital subfunctions has to do with the food holding. Food holding is a 
function that can be achieved by cooperation between 2 subsystems. The first one is the 
hinge, which, besides that aims to open the upper section of the appliance, it aims also 
to follow the shape of the food. As soon as the hinge follows food’s shape, locking 
system lock the upper section in this position so to achieve a uniform food grilling. 
Another important subfunction has to do with the waste of food. Food waste can be 
seen in two forms: Either as a liquid fat or as a burned fat. In the first case, it must be 
ensured that the liquid fat must be driven and collected away from the plate area, so to 
ensure a healthy grilling. After the food preparation, this liquid can be easily thrown 
away. This can be achieved by using a fat tray somewhere in the appliance. In the second 
case, it must be ensured an easily way to clean the burned fat from the grilling area that 
is concentrated up on the plate. This can be achieved by making the plates removable 
so to easily be cleaned. Of course, this kind of choice, demand a plate locking system. 
These subfunction can be thought as the most vital sub problems that must be 
decomposed. 
 
Figure 36: Function Diagram as a “black box”, based on source: (Ulrich & Eppinger, 2012) 
  
 
Figure 37: Function Diagram as a decomposition, based on source: (Ulrich & Eppinger, 2012) 
  
  
76 
Design and Development of a Small Household Appliance 
4.5.2 Hinge 
The main purpose of this sub-system is to create an axis of rotation between the 
lower and the upper section of the appliance. In many cases, hinge is used also to pass 
the cables from the lower section to the upper section of the appliance. In case of a toast 
maker, hinge allows a big vertical motion of the upper section, so to allow bigger size 
foods to be placed on the appliance. Furthermore, it allows an opening of 180° of the 
upper section, so to double the cooking area. 
A good performance and efficiency ratio can be achieved by using a sandwich 
maker hinge. This type of hinge is enclosed to appliance’s contour area in contrast with 
the toast maker hinge which is outside of the contour area of the appliance, creating in 
this way, useless space. Both types of hinge are shown in figure (38). 
Concerning both types of hinge, a solution might be to combine the advantages 
of each one so to create an optimized concept solution.  
On table (13), several advantages and disadvantages have been recorded: 
 Sandwich Maker Toast Maker 
Advantages 
- Included in contour 
- Understandable function 
- Less parts 
- Allows cable passing 
- Combined with locking sub-system during 
cooking 
- Able to open 180° 
- Allows big vertical motion 
- Allows cable passing 
 
Disadvantages 
- Enable to open 180° 
- Allows small vertical motion 
 
- Not included in the contour – Useless space 
- Non-clear enough function 
- Many parts 
- Independent system during cooking. Combined with 
Locking sub-system only for storage 
Table 13: Hinge advantages and disadvantages according to the type. 
 
Figure 38: Type of hinges 
  
  
77 
Design and Development of a Small Household Appliance 
Following the decision to use a sandwich maker hinge structure and concerning 
the above table, one possible concept solution might be to combine the toast maker’s 
hinge advantage of allowing a bigger vertical motion. The advantage of 180° positioning 
is not acceptable, because during opportunity identification nearly all users declared 
that rarely use this position either because that the number of pieces that usually cook, 
matches with cooking area of one plate, or, even if the food quantity was bigger and 
there was a need to use the 180° positioning, the preparation time will be much bigger 
than usual.  
4.5.2.1. Hinge Decomposition 
A system decomposition flow chart usually starts with an act of user and ends up 
when all purposes have been accomplished. Figure (39), illustrates hinge’s several 
purposes that must be further analyzed.   
Every purpose of hinge can be accomplished by several ways. Most of them doesn’t need 
any further analysis but, in many cases, there are some of them that need a further 
decomposition. Figure (40), illustrates various possible ways that each purpose can be 
fulfilled.  The combination of these possible solutions can generate several concepts. 
In this case, the creation of the center of rotation needs a further decomposition 
due to the variety of solutions. At this point it is important to state that these solutions 
 
Figure 39: Hinge’s decomposition flow chart, based on Source: (Ulrich & Eppinger, 2012) 
  
 
Figure 40:  Hinge’s further decomposition flow chart, based on Source: (Ulrich & Eppinger, 2012) 
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are mainly recognized as geometry solutions. After the selection of the geometry 
solution, a further decomposition will take place in order to select the working solution. 
 
4.5.2.2. Hinge Decomposition Analysis 
Concerning that, during customer needs identification, most of the users 
declared that prefer removable plates, the first solution route for the creation of the 
center of rotation is rejected. Furthermore, several aesthetical issues must be taken into 
consideration. Figure (42) and (43) illustrate these solution route. 
 
 
Figure 41: Center of rotation further analysis, based on Source: (Ulrich & Eppinger, 2012) 
  
 
Figure 42: Hinge by plates – draft sketch 
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The second solution route that is shown in figure (44) and (45), for the creation 
of the center of rotation, is mainly used on low-budget projects. The simplicity of the 
included parts ensures the low production and assembly cost. However, aesthetically is 
not overall acceptable. Sharp edges, external cable passing, and reduced stability are 
some of the factors that act negatively on appliance aesthetics. One of the most 
important reason that this solution route should be rejected is the brand’s design 
philosophy, which can easily be found on their products through a rough internet search. 
Delonghi product avoid using this type of hinge on its product and for this reason I will 
reject it also.  
 
 
Figure 43:  Hinge by plates - 2 
  
 
Figure 44: Hinge by joint - 1 
  
 
Figure 45:  Hinge by joint - 2 
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It is obvious that the most preferred solution route is the third one.  
 
Vertical movement ensures that food with several thicknesses can be grilled on 
the appliance. This can be achieved either by a slot between 2 cooperating parts or by 
adding a third part between them. With the first view, both solution routes are 
acceptable because the structure doesn’t be affected so much.  
 
 
Figure 46: Hinge by plastic parts - 1 
  
 
Figure 47:  Hinge by plastic parts - 2 
  
 
Figure 48: Vertical movement sketch representation – solution 1 
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Cable passing ensures a safe passing of the cables from the lower section of the 
appliance to the upper. The internal passing of the cables uses the hinge as a mean of 
passing. In this case, none of the cables are visible to the users. The external passing of 
the cables uses a metallic spring to pass the cables. In this case, the spring is fully visible 
to the user and in most cases, it is combined with a join-type hinge, which have already 
been rejected. Both solutions are shown in figure (50). 
  
 
Figure 49:  Vertical movement sketch representation – solution 2 
  
 
Figure 50: Cable passing solutions 
  
 
Figure 51: External cable passing 
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The angle of rotation is preset either by hinge’s geometry or by another part 
geometry. In the first case, a big inclined surface of the upper and lower hinge, get in 
contact between them, increasing in this way the stability of the upper cover during the 
open position. In the second case, only the edge of the upper and lower cover, get in 
contact between them during the opening of the upper cover, causing a not-so stable 
opening of the upper cover. In terms of aesthetics, the first case is better because it 
creates the feeling of safety during the opening of the upper cover. Furthermore, these 
highly inclined cuts of the hinge can be considered as a modern element that can 
distinguish the appliance among others. On the other hand, in the second case, the 
aesthetically result is not so pleasing. User observes 2 edges to get in contact between 
them, which is not a good way to create the feeling of a stable structure. With the first 
view, the case in which the angle of rotation is preset by hinge’s geometry is acceptable 
from both functionally and aesthetically point of view. 
 
 
Figure 52: Sketch representation on how angle of rotation is achieved 
  
 
Figure 53: examples on how final angle of rotation is achieved 
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4.5.2.3. Hinge Concept Generation 
From the above analysis only 2 concepts have been generated. All possible 
combinations between sub problems are shown in figure (54).  
Table (14) indicates all created concepts according to the decomposition  
 
 
 
 
The above concept solutions are mainly recognized as geometry solutions that 
preset the foundations of the final working solution. The working solution will be 
decomposed after the finalization of the geometry concept solution. In this case, the 
most important geometry concept that can be met by various possible working solutions 
is the part that creates the center of rotation.   
 
4.5.2.4. Hinge Concept Scoring 
Concept scoring is a process in which the development team rates several 
concept solutions regarding some selected criteria. Each criterion is characterized by a 
weight factor which shows the importance. The total weight must be equal to 100%. The 
rate range usually varies between 1 to 5. A weighted score is formed by multiplying the 
rating and the weight factor. At the end, all weighted scores are forming the total score.  
 
Figure 54:  Hinge’s final flow chart, based on Source: (Ulrich & Eppinger, 2012) 
  
No. Of 
Concept 
Center of Rotation Vertical Motion Cable Passing Angle of Rotation 
1 1.1 2.1 3.1 4.1 
2 1.1 2.2 3.1 4.1 
Table 14: Hinge Concepts 
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The team must choose a reference concept which might not be included on the 
generated concepts. In this case, I choose one of our sandwich makers concepts to 
represent the reference concept.  
Rating Range : 1 -5 
Hinge Concept 
(Reference) 
Hinge Concept 1 Hinge Concept 2 
Selection 
 Criteria 
Weight Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Ease of use 30% 5 1,5 5 1,5 4 1,2 
Working Reliability 23% 3 0,69 3 0,69 3 0,69 
Safety 18% 3 0,54 4 0,72 4 0,72 
Ease of assembling 12% 3 0,36 3 0,36 2 0,24 
Number of working parts 8% 4 0,32 4 0,32 2 0,16 
Ease of manufacturing 5% 4 0,2 4 0,2 4 0,2 
Number of screws 3% 4 0,12 4 0,12 4 0,12 
Ease of cleaning 1% 2 0,02 2 0,02 2 0,02 
  
Total 
Score  
3,75 3,93 3,35 
  Rank - 1 2 
  Continue? - Yes No 
Table 15: Preliminary hinge concept scoring 
 
Table (15) illustrates the preliminary concept scoring of the possible geometry 
concept solutions. The highest scoring is formed by the hinge-concept 1. This concept is 
like the reference concept, but the safety is bigger due to that the stop angle is preset 
by hinge’s geometry. At this point, the geometry concept solution has been defined, so 
a further analysis of the working solution is going to take place.  
The most common problem at this kind of hinges is the way of connection 
between the male and female section of the hinge. Every hinge consists of 2 female 
pockets and 2 male pins. The pins are responsible for enabling the rotation of the upper 
section. Due to manufacturing limitations, one of two pins must be placed after the first 
one’s installation. In most cases, there is no possibility to place these 2 male pins into 
the 2 pockets at the same time. A final concept scoring will take place to choose the best 
working solution for the way of creation of the center of rotation.  
Several concepts solutions have been created to complete the sub problem of 
hinge. The first one indicated in figure (55), shows a solution where a 3rd component is 
inserted into the upper section of the hinge. This component represents the second pin 
of the hinge structure and all cables are passing through inside it.  
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The second one indicated in figure (56), shows a solution where one pin is 
deforming with an aim to be inserted inside the pocket on the lower section of the hinge. 
The third solution that is shown in figure (57), break the upper section hinge into 3 parts 
so to be able to be inserted independently on the pockets.  
 
 
 
 
Figure 55: Concept solution 1 
  
 
Figure 56:  Concept solution 2 
  
 
Figure 57:  Concept solution 3 
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Rating Range : 1 -5 
Hinge Concept 
(Reference) 
Hinge Concept 1 Hinge Concept 2 
Selection 
 Criteria 
Weight Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Working Reliability 35% 5 1,5 4 1,2 4 1,2 
Safety 20% 5 1,15 3 0,69 5 1,15 
Ease of assembling 18% 3 0,69 4 0,92 2 0,46 
Number of working 
parts 
12% 3 0,54 5 0,9 3 0,54 
Ease of manufacturing 10% 3 0,36 2 0,24 4 0,48 
Number of screws 5% 4 0,32 4 0,32 4 0,32 
  Total Score  4,56   4,27   4,15   
  Rank -   1   2   
  Continue? -   Yes   No   
Table 16: Secondary hinge concept scoring 
 
As reference model I used the concept 1 which is an existing hinge. According to 
the scoring process, the best solution is the reference model, so it is compulsory to 
improve this solution. Following the table (16), and considering the weight of each 
criterion, the rating of the reference model presents a low value at the ease of 
assembling criterion.  
 Having a closer look on this matter, I saw that workers, during the preparation 
of appliance’s wiring, must pass some of the cables inside the third component of the 
hinge and then install this part on the hinge. Considering that assembly time influence 
at the most the cost of a product, the cable passing through these parts delay the 
procedure of assembling. Furthermore, the workers that are responsible for the final 
assembly of hinge up on the appliance, are find it difficult to assemble the hinge due to 
the already installed wiring. The purpose of the hinge enhancement is to eliminate the 
time that workers need to pass the wiring through the hinge and make easier the final 
assembly of the hinge.  
One promising idea is to split and create a cover at the lower section of the hinge 
at the point that the one pin enters inside the pocket. In this way, the 2 pins of the upper 
section of the hinge will be entered simultaneously on the pockets of the lower section 
of the hinge. After the workers have already assembled the hinge on the appliance, they 
will able to pass the wiring and then put the cover to lock the wiring inside and also to 
ensure that the pin will freely move inside the pocket so to enable both the rotation 
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between upper and lower section and the vertical movement for bigger food installment 
inside the appliance.   
The concept solution of the hinge is printed with 3D printed technology and tested inside 
the company on an existing appliance. This solution eliminates the assembly time on 
both wiring sector and final assembly sector of the company. 
 
Figure (58) shows how an existing hinge is assembled. The difficulty is observed 
when the employee must pass the cables from the upper section hinge to the lower 
section hinge. The passing slot is very small and takes a considerable amount of time to 
pass the cables inside of it.  
 
Figure 58: Existing hinge structure assembly steps 
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 The lower section of the hinge is embodied 
on the lower lid due to manufacturing 
capability.  
 At this point, the upper section hinge, which 
is already assembled on the upper cover, is 
placed on the lower body. 
 The upper section hinge is locked in position 
with an extra part which ensures the good 
working inside the slot of the lower section 
hinge. After the installment of this part, the 
wiring is inserted on the socket. 
 At this point, a plastic cover is placed on the 
upper section of the hinge. 
 The final plastic cover is placed on the lower 
lid, in a way that is lock both sections in 
position. Now the upper section hinge can be 
moved inside the lower section hinge.  
Figure 59: Generated concept: CAD representation and description 
 
 Figure (59) illustrates the CAD representation of the generated concept and how 
it is assembled step by step. For the concept generation and testing, some of the existing 
parts were modified to eliminate the development time of new one and, considering 
that in our case the lower section hinge will be embodied on the lower lid due to 
manufacturing feasibility, by printing only partial parts will also be a way to save 3D 
printing cost. 
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For the concept representation, all included parts except the existing part (black 
colored), were printed using 3D printing SLS technology. Figure (60) shows how the 
concept idea works. In this concept, the cable passing is much easier than the existing 
way. There are 2 additional parts that must be manufactured but the tooling absorption 
will be fast enough, considering the permanent decreased assembly cost.  
 
 
 
Figure 60: 3D printed concept prototype 
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4.5.3 Locking System 
The main purpose of this sub-system is to hold the main movable parts into 
closed position with a view to, either create the circumstances for a uniform grilling of 
the food, or to store the appliance with safety. In some cases, locking sub-system can be 
auto adjusted according to the food thickness. 
In sandwich makers the locking is achieved by an independent system which is 
usually located on the handle. In case of a toast maker, the unlocking system is located 
on the hinge and barely on the front side of the appliance. The most common types of 
locking system are shown in figure (61). 
 
4.5.3.1. Locking sub-system decomposition 
Figure (62) illustrates Locking system’s several purposes that must be further analyzed.   
Every purpose of Locking system can be accomplished by several ways. Most of them 
doesn’t need any further analysis but, in many cases, there are some of them that need 
a further decomposition. Figure (63), illustrates various possible ways that each purpose 
can be fulfilled. 
 
Figure 61:  Types of locking system 
  
 
Figure 62: Locking system’s decomposition flow chart, based on Source: (Ulrich & Eppinger, 2012) 
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4.5.3.2. Locking decomposition analysis 
The chosen morphology of the under-development appliance helps us to 
eliminate these several possible solution routes. The location of the locking system can 
only be done either inside or outside of the handle. The other two solution routes are 
mainly combined with toast and grill makers respectively.  
Both location solution routes can be combined with the solutions of way of 
activation. The best solution should be this which is also ergonomically acceptable. 
Figure (64) illustrates the way of system activation. 
User’s hand has a preset motion path due to the hinge operation. Specifically, 
hand is forwardly raising the handle by making a circular motion. This forwarded preset 
motion shows the direction of comfort. Because unlocking takes place when user have 
already placed its hand in handle, the appliance opening, and unlocking should be 
happened at the same time. For this reason, the unlocking direction should be the same 
with opening direction so to ensure the comfortability of the process. In this case, the 
 
Figure 63:  Locking system’s further decomposition flow chart, based on Source: (Ulrich & Eppinger, 
2012) 
  
 
Figure 64: Pull and push way of activation 
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optimum solution route that will ensure a comfort activation of the unlocking systems, 
seems to be the pushing activation.  
The operation is strictly connected with the way of activation. The first and the 
second solution routes are the most common in sandwich makers category. The second 
solution route is mainly used in low-cost appliances and the third one is applicable only 
on a toast maker category. For this reason, these solutions are rejected. The first 
solution can be embodied in a harmonium way in the selected appliance morphology. 
 Sound feedback is an important factor which ensures an interaction between 
the user and the appliance. In this way, user is informed for the state of a sub-system. 
For this sub system, sound feedback is important to be implemented.  
 
Figure 65: Knob-spring system, Hook system and lifter as a way of locking operation 
  
 
Figure 66: Knob-spring system, Hook system and lifter as a way of locking operation 
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Figure (66) and (67) illustrates how some appliances achieve the locking.  
 
By comparing figure (67) and (68), we can see that in the first case the user 
presses a button to unlock the appliance while, in the second case, user must pull a knob 
to unlock the appliance. The first solution is much more functional than the second one 
because user uses its index finger instead of its thumb, which is more flexible. 
 
 
Figure 67: Locking system similar with the chosen one (Delonghi appliance) 
  
 
Figure 68: Locking system that needs to be pulled in order to be opened (Tefal appliance) 
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By observing several users, familiar or not with the available products, I came up 
into several conclusions. In some sandwich makers the unlocking button is inside the 
handle and, in some cases, it is outside the handle. In both cases user must push the 
button to unlock the appliance. In case of the inner button, besides that user initially 
couldn’t locate the button, at the end, when he inserted his hand into the handle, he 
surprised by its existent.  
By making several observation tests, I conclude that most of the users were 
confused when they asked to unlock a toast maker. The unlocking lever is placed on the 
right hinge, so it is not totally visible. That drive the user to act a high force on the locked 
appliance, as a result to cause a permanent problem on the unlocking mechanism. On 
the other hand, a sandwich maker is much more efficient and astonishes user with 
unlocking lever position.   
In many cases, some of the above solutions can’t be implemented due to several 
factors that preset or eliminate the choices (ex. product morphology). The most 
important is that the results can be used on another product development process. 
Figure (70) illustrates a draft sketch of the solution. 
 
Figure 69: Hook as Locking system as a way of operation (Altus and Izzy appliances) 
  
 
Figure 70: Locking system solution  
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In this sub-system, morphology preset all solution routes. The unlocking system 
will be a pushing knob-spring system which will be located inside of the handle. The 
system will be positioned between the front side of the appliance and the back side of 
the handle, nearby on user’s fingers. The chosen solution is shown in figure (71) 
By comparing a sandwich maker, which combines the grabbing of the handle and 
the unlocking of the appliance, with a toast maker, which has embodied its locking lever 
on the hinge, it seems that the best choice is the one that requires less moves.  
As the appliance’s hinge can allow a bigger food to be inserted between the 
plates, then it is obligatory also to have the unlocking hook adjustable. For this reason, 
hook contain 2 locking ribs corresponding to the lower and upper hinge positioning. 
Figure (72) illustrates these boundary positions. 
 
Figure 71: Hook for locking system activation (Designed in Solidworks) 
  
 
Figure 72: Boundary positions of locking hook (Designed in Solidworks) 
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4.5.4 Plate unlocking 
The main purpose of this sub-system is to hold plates in position and, when it is 
necessary, to be able to eject them.  
In case of a sandwich makers, the structure of the plate locking can consist of 
several parts in contrast with a toast maker where plate locking usually achieved by a 
single spring. Figure (73) illustrates the plate locking positioning according to the 
appliance type.  
 
4.5.4.1. Plate unlocking decomposition 
Every purpose of the plate locking mechanism can be accomplished by several 
ways. Figure (74), illustrates hinge’s several purposes that must be further analyzed.   
 
 
Figure 73:  Types of plate unlocking system 
  
 
Figure 74: Plate unlocking system’s decomposition flow chart, based on Source: (Ulrich & Eppinger, 
2012) 
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Figure (75), illustrates various possible ways that each purpose can be fulfilled.  
The combination of these possible solutions can generate several concepts. In this sub-
system, both the way of activation and the operation need a further decomposition due 
to the variety of solutions.  
 
4.5.4.2. Plate unlocking decomposition analysis 
By making some observing tests, I conclude that most of the users tend to push 
forward the button rather than pull it, in order to release the plate. The first interaction 
is very important to understand how users are thinking. Only few understand that the 
knob must be pulled instead of pushed and this happened only when the design 
language of the knob was understandable. In general, the most economical and easiest 
applicable solution is the pull method due to the small number of working parts. The 
operation is strictly connected with the way of activation. A push-forward mechanism 
requires a bracket mechanism to convert this linear motion into another applicable. A 
pull mechanism interacts directly with the plate, that’s why it doesn’t need any extra 
motion conversion mechanism. Sound feedback is also important because user can 
understand if the plate is locked or not. Sound feedback can be created by tolerances 
between the working parts. Besides the sound feedback, it is also important the plate to 
be ejected accordingly. This can be achieved either from a spring or by pretention 
between the cooperating components. The scenario of a concept solution without 
sound feedback and ejection assistance is strictly rejected due to the importance of both 
system purposes.  
 
Figure 75:  Plate unlocking system’s further decomposition flow chart, based on Source: (Ulrich & 
Eppinger, 2012) 
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4.5.4.3. Plate unlocking concept generation 
From the above analysis 12 concepts have been generated. All possible 
combinations between sub problems are shown in figure (76).  
Table (17) indicates all created concepts according to the decomposition.  
From the above concept solutions, concept 6 and 7 is technically impossible to 
be implemented due to geometrical restrictions. So, the numbering of concept 8, 9, 10, 
11 will be replaced by 6, 7, 8, 9 respectively. The above concept solutions are mainly 
recognized as geometry solutions that preset the foundations of the final working 
solution. The working solution will be decomposed after the finalization of the geometry 
concept solution.  
 
Figure 76:  Plate unlocking system’s final flow chart, based on Source: (Ulrich & Eppinger, 2012) 
  
No. Of Concept Center of Rotation Vertical Motion Cable Passing Angle of Rotation 
Reference 1.1 2.1 3.1 4.1 
1 1.1 2.1 3.1 4.2 
2 1.1 2.2 3.1 4.1 
3 1.1 2.2 3.1 4.2 
4 1.2 2.1 3.1 4.1 
5 1.2 2.1 3.1 4.2 
6 1.2 2.2 3.1 4.1 
7 1.2 2.2 3.1 4.2 
8 1.3 2.1 3.1 4.1 
9 1.3 2.1 3.1 4.2 
10 1.3 2.2 3.1 4.1 
11 1.3 2.2 3.1 4.2 
Table 17: Plate unlocking concepts 
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All generated concepts are mainly sketched to describe the basic idea of their 
function. Saving time during concept generation is very important considering the 
number of concepts that can be generated. By making a draft sketch, a big amount of 
information can be described in a simple way. 
 
 
 
Figure 77: Upper view of a push-forward bracket mechanism with and without ejection spring 
(Concept 1) 
  
 
Figure 78:  Side view of a push-forward mechanism that interact directly with plate with and without 
ejection spring (concept 2 and 3) 
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Figure 79:  Side view of a push-downward bracket mechanism with and without ejection spring 
(concept 4 and 5) 
  
 
Figure 80:  Upper view of a pull bracket mechanism with and without ejection spring (concept 6 and 
7) 
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Figure 81:  Upper view of a pull mechanism that interact directly with plates, with and without 
ejection spring (concept 8 and 9) 
  
 
Figure 82: first representation of concept 8 and 9 
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Figure 83:  Second representation of concept 8 and 9 
  
 
Figure 84: Reference model representation 
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4.5.4.4. Plate unlocking concept scoring 
Reference model is represented by scenario 1. Every sketched solution has been 
examined of company’s R&D department. Some of these solutions are meet in 
competitor’s appliances, so there was available for testing. Lots of concepts compete 
each other very closely. The highest score is earned by the Plate locking concept 11, 
which can be considered as one of the simplest solutions. The second position is got by 
concept 3, which can be considered one of the most ergonomically perfect solution. 
Several trade-offs risen-up, and one of them was the total system cost. The design fault 
of concept 11 is that user’s first reaction was to push forward instead of pull, but in every 
case of testing, there was always an immediate change of user’s action. The good thing 
is that this misunderstanding happens only once at the very first time of interaction 
between user and appliance. For this reason, Plate locking system will be represented 
by geometry Concept solution 9. Scoring process is shown on table (18) and (19). 
Rating Range : 1 -5 
Plate Locking 
Concept 
(Reference) 
Plate Locking 
Concept 
1 
Plate Locking 
Concept 
2 
Plate Locking 
Concept 
3 
Plate Locking 
Concept 
4 
Selection 
 Criteria 
Weight Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Understandable 35% 5 1,75 5 1,75 5 1,75 5 1,75 4 1,4 
Ease of use 23% 4 0,92 4 0,92 4 0,92 4 0,92 4 0,92 
Working Reliability 18% 4 0,72 4 0,72 3 0,54 3 0,54 3 0,54 
Safety 12% 4 0,48 4 0,48 4 0,48 4 0,48 4 0,48 
Ease of assembling 8% 2 0,16 2 0,16 4 0,32 4 0,32 2 0,16 
Number of working parts 4% 1 0,04 2 0,08 3 0,12 4 0,16 2 0,08 
  
Total 
Score  
4,07 4,11 4,13 4,17 3,58 
  Rank - 5 4 2 7 
  Continue? - No No No No 
Table 18: Plate locking concept scoring (1/2) 
Rating Range : 1 -5 
Plate Locking 
Concept 
5 
Plate Locking 
Concept 
6 
Plate Locking 
Concept 
7 
Plate Locking 
Concept 
8 
Plate Locking 
Concept 
9 
Selection 
 Criteria 
Weight Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Understandable 35% 4 1,4 3 1,05 3 1,05 4 1,4 4 1,4 
Ease of use 23% 4 0,92 3 0,69 3 0,69 4 0,92 4 0,92 
Working Reliability 18% 3 0,54 4 0,72 4 0,72 5 0,9 5 0,9 
Safety 12% 4 0,48 4 0,48 4 0,48 3 0,36 3 0,36 
Ease of assembling 8% 2 0,16 2 0,16 2 0,16 5 0,4 5 0,4 
Number of working parts 4% 3 0,12 1 0,04 2 0,08 4 0,16 5 0,2 
  
Total 
Score  
3,62 3,14 3,18 4,14 4,18 
  Rank 6 9 8 3 1 
  Continue? No No No No Yes 
Table 19: Plate locking concept scoring (2/2) 
  
104 
Design and Development of a Small Household Appliance 
The technical solution shown in figure (85) and (86) consists of a release knob, a 
spring and a cover. The indicated technical solution is on a preliminary design stage. The 
implemented solution will differ from the indicated on both in geometrical and 
aesthetical terms.  
The main purpose of release knob is to make clear on the user that it must be 
pulled in order to release the plate. As indicated in figure (85), knob’s geometry consists 
of an area where user place its finger, an area which is responsible for the sliding of it 
inside the cover, a hook in the front of it for the plate engagement and an area where 
the spring is placed.  
During lock state, the knob is in the front side of the sliding channel. The hook of 
it is inside a slot up on the plate. The spring on the bottom side of the appliance, is in 
 
Figure 85: Release knob initial mechanism concept [Designed in Solidworks] 
  
 
Figure 86:  working states of release knob mechanism (initial concept) [Designed in Solidworks] 
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neutral position. When the user pulls the release knob, the hook gets out the plate slot, 
releasing in this way the plate. The spring is deformed and when the user let the knob 
the spring will return the knob in lock positing. Hook’s geometry helps the plate to be 
inserted on the appliance. When the user intends to place the plate on the appliance, 
hook’s geometry facilitate this action by retreating on the opposite direction. Depending 
on spring’s hardness, the sound feedback can be intense. 
Figure (87) and (88) show the final release knob design. As soon as this knob must 
be pulled in order to release the plate, the shape of it must clearly explain the release 
direction. The first way that attempts to drive the user in this conclusion is the cut-
extruded area in the upper side. In this area the back side of it, it is wider than the others, 
creating a step for the finger so to indicate the pull direction. This cut feature also 
comply with the outer design contour of the upper cover of the appliance. Inside of the 
cut-extruded area there are some ball-shaped boss extrudes which pronounce that this 
part is linked with a function. Additionally, these are creating an arrow which shows not 
only in reality but also consciously the direction of pull. This design feature is currently 
be used by Delonghi, so the design language complies with the one of the existing 
products. The front side of the knob has an inclination with a view to create a return 
force on the knob during plate positioning. For better plate grabbing, 2 release knobs 
were used. In this case, the color of the knob indicates a warn to the user for a near-hot 
area.  
 
Figure 87: Final release knob design (Designed in Solidworks) 
  
 
Figure 88: Final release knob in active and de-active state (Designed in Solidworks) 
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4.5.5 Fat Drainage 
The main purpose of this sub-system is to collect the fat from the roasted food 
with safety. Only the toast makers are made to roast meat and for this reason only this 
category of appliance include a fat tray. The under-development product will also be 
able to roast meat, so it is obligatory to include a fat drainage system.  
Fat tray is either an independent part of the appliance or it is embodied on it as a 
disposable part. Figure (89) illustrates several occasions of fat tray positioning. 
Positioning of the tray is one of the most important factors because influence the 
visibility of this system.  
 
4.5.5.1. Fat drainage sub-system decomposition 
Figure (90), illustrates fat drainage system’s several purposes that must be 
further analyzed.   
 
Figure 89:  Ways of fat tray positioning 
  
 
Figure 90:  Fat drainage system’s decomposition flow chart, based on Source: (Ulrich & Eppinger, 
2012) 
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Every purpose of fat drainage system can be accomplished by several ways. Most 
of them doesn’t need any further analysis but, in many cases, there are some of them 
that need a further decomposition.  
Figure (91), illustrates various possible ways that each purpose can be fulfilled. 
 
4.5.5.2. Fat drainage decomposition analysis 
Fat tray can be either a disposable, built-in part or an independent part. The 
difference is the adaptability of a user on the extra action of tray positioning that is 
needed. 
Lower plate is responsible to drive the fat into a tray. This can be done either 
through inside of the plate or outside of it. In most cases, the fat is driven out of the 
plate. In cases of an internal drainage, the lower plate must be different than the upper 
one which means a higher cost of the product.  
The level indication is an important issue which is not preferable due to the 
negative impact on the aesthetics. Fat capacity indication might be useful, as soon as it 
is on a visible area. However, it is not obligatory due to that usually the capacity of a fat 
tray is bigger than the drained fat of fully loaded appliance. For this reason, it might be 
a better idea to warn the user after each roasting process for fat tray ejection and 
cleaning. By discussing with several users, I conclude that most of them tend to forget 
to collect the fat after the end of the roasting process. The result of this is either the fat 
 
Figure 91:  Fat drainage system’s further decomposition flow chart, based on Source: (Ulrich & 
Eppinger, 2012) 
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overflowing or, during the storage of the appliance, the fat spilling. In each case, I 
compare user comments with the fat tray positioning.   
This action led me to the conclusion that a wrong fat tray positioning can have a 
negative interaction impact. Fat tray must be placed on the appliance in a way that user 
never forget to remove it after the roasting. As it is illustrated in figure (89), in many 
cases fat tray is placed on the back of the appliance in order to serve both plates during 
the 180°opening position. This come in contrast with the fact that most users don’t use 
the flat opening position due to the time is needed to roast the food. So, in my opinion, 
this positioning is not acceptable at all. In some cases, fat tray is placed on right or left 
side of the appliance and the fat gathering happens on the back side of the appliance. 
This solution is better than the previous one because user can easily locate a vector that 
indicate the fat tray positioning.  
There are also some cases where fat tray is an independent part of the appliance. 
In this case, user is obligated to place the fat tray on the preset position which usually is 
visible and understandable. In this way, it is difficult to forget it after fulfillment of the 
roasting process. On the other hand, there is a possibility user to forget to place the fat 
tray on the right spot, as a result the fat to split over the kitchen bench. In my opinion 
this solution is acceptable in terms of understandability but, as there is a possibility of 
mistake, it cannot be described as fully functional.  
 
 
Figure 92: Example of fat tray positioning (Delonghi appliance) 
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Figure (92) and (93) illustrates several examples of fat tray positioning. In figure 
(92), fat tray is placed on the left side of the appliance. In my opinion, the design 
language of it is understandable because tray protrudes of the appliance, pointing the 
existence of the tray. The shape of the protruded section of the tray drives the user 
about how he should act, in order to get the tray out of the appliance.  Furthermore, 
there are some ball-shape cut extrudes up on the protruding section which predispose 
the user that a feature exists.  
 
Figure (93) illustrates an independent fat tray of a toast maker. This tray is placed 
on the front side of the appliance near by the right edge of the plate. The edge of the 
plate is designed in a way to help the fat roll of it.  
 
4.5.5.3. Fat drainage concept generation 
From the above analysis 16 concepts have been generated. All possible 
combinations between sub problems are shown in figure (94).  
 
Figure 93:  Example of fat tray positioning (Bosch appliance) 
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Table (20) indicates all created fat drainage concepts according to the decomposition.  
 
4.5.5.4. Fat drainage concept scoring 
Reference model is represented by scenario 1. Every solution has been visualized 
by company’s R&D department. Some of these solutions are meet in competitor’s 
appliances and some others not. Table (21) through (24) indicate the concept scoring 
procedure.  
 
Figure 94:  Fat drainage system’s final flow chart, based on Source: (Ulrich & Eppinger, 2012) 
  
No. Of Concept Type of Tray Way of fat gathering Capacity indication Location 
Reference 1.1 2.1 3.1 4.1 
1 1.1 2.1 3.1 4.2 
2 1.1 2.1 3.2 4.1 
3 1.1 2.1 3.2 4.2 
4 1.1 2.2 3.1 4.1 
5 1.1 2.2 3.1 4.2 
6 1.1 2.2 3.2 4.1 
7 1.1 2.2 3.2 4.2 
8 1.2 2.1 3.1 4.1 
9 1.2 2.1 3.1  4.2  
10 1.2 2.1 3.2 4.1 
11 1.2 2.1 3.2 4.2 
12 1.2 2.2 3.1 4.1 
13 1.2 2.2 3.1 4.2 
14 1.2 2.2 3.2 4.1 
15 1.2 2.2 3.2 4.2 
Table 20:  Fat drainage concepts 
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Rating Range : 1 -5 
Fat Drainage Concept 
(Reference) 
Fat Drainage Concept 
1 
Fat Drainage Concept 
2 
Fat Drainage 
Concept 3 
Selection 
 Criteria 
Weight Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Visible 34% 4 1,36 3 1,02 4 1,36 3 1,02 
Aesthetical  21% 2 0,42 3 0,63 4 0,84 5 1,05 
Understandable 18% 4 0,72 3 0,54 4 0,72 3 0,54 
Ease of use 12% 4 0,48 3 0,36 4 0,48 3 0,36 
Capacity 10% 4 0,4 5 0,5 4 0,4 5 0,5 
Ease of clean 5% 4 0,2 4 0,2 4 0,2 4 0,2 
  
Total 
Score  
3,58 3,25 4 3,67 
  Rank - 7 1 3 
  Continue? - No Yes No 
Table 21: Fat drainage concept scoring (1/4) 
 
Rating Range : 1 -5 
Fat Drainage Concept 
4 
Fat Drainage Concept 
5 
Fat Drainage Concept 
6 
Fat Drainage Concept 
7 
Selection 
 Criteria 
Weight Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Visible 34% 3 1,02 2 0,68 3 1,02 2 0,68 
Aesthetical  21% 1 0,21 2 0,42 3 0,63 2 0,42 
Understandable 18% 3 0,54 2 0,36 4 0,72 3 0,54 
Ease of use 12% 4 0,48 3 0,36 4 0,48 3 0,36 
Capacity 10% 4 0,4 5 0,5 4 0,4 5 0,5 
Ease of clean 5% 3 0,15 3 0,15 3 0,15 3 0,15 
  
Total 
Score  
2,8 2,47 3,4 2,65 
  Rank 8 11 5 10 
  Continue? No No No No 
Table 22: Fat drainage concept scoring (2/4) 
 
Rating Range : 1 -5 
Fat Drainage Concept 
8 
Fat Drainage Concept 
9 
Fat Drainage Concept 
10 
Fat Drainage Concept 
11 
Selection 
 Criteria 
Weight Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Visible 34% 4 1,36 3 1,02 4 1,36 3 1,02 
Aesthetical  21% 2 0,42 3 0,63 4 0,84 5 1,05 
Understandable 18% 4 0,72 3 0,54 4 0,72 3 0,54 
Ease of use 12% 3 0,36 3 0,36 3 0,36 3 0,36 
Capacity 10% 4 0,4 5 0,5 4 0,4 5 0,5 
Ease of clean 5% 4 0,2 4 0,2 4 0,2 4 0,2 
  
Total 
Score  
3,46 3,25 3,88 3,67 
  Rank 4 7 2 3 
  Continue? No No No No 
Table 23: Fat drainage concept scoring (3/4) 
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Rating Range : 1 -5 
Fat Drainage Concept 
12 
Fat Drainage Concept 
13 
Fat Drainage Concept 
14 
Fat Drainage Concept 
15 
Selection 
 Criteria 
Weight Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Rating 
Weighted 
Score 
Visible 34% 3 1,02 2 0,68 3 1,02 2 0,68 
Aesthetical  21% 1 0,21 2 0,42 3 0,63 2 0,42 
Understandable 18% 3 0,54 2 0,36 4 0,72 3 0,54 
Ease of use 12% 3 0,36 3 0,36 3 0,36 3 0,36 
Capacity 10% 4 0,4 5 0,5 4 0,4 5 0,5 
Ease of clean 5% 3 0,15 3 0,15 3 0,15 3 0,15 
  
Total 
Score  
2,68 2,47 3,28 2,65 
  Rank 9 11 6 10 
  Continue? No No No No 
Table 24: Fat drainage concept scoring (4/4) 
In the concept scoring process for the fat drainage sub-system, the higher scoring 
is earned by concept 2. This concept is represented by a frontal removable built-in tray 
which will get the fat from the outside of the plate. This tray will not have any level 
indicator. Considering the corporate identity of Delonghi brand, the design language of 
it has been followed. The way of fat gathering is modified with a view to optimize both 
the cost and the aesthetics of the appliance. That was achieved by gathering the fat out 
of the plates but inside of the appliance. I took advantage of a useless space between 
the frontal side of the plate and the frontal side of the lid by placing a runoff. The plate 
drives the fat on this runoff. On the front - bottom side of the appliance, the fat tray is 
placed in a way to comply with the design language of the appliance by being a part of 
appliance’s feet. On the front side of the tray, a section of it protrudes, driving in this 
way the user to pull the tray out of the appliance. Figure (95) illustrates the final fat tray 
design. Plate has two drains on the right and left side respectively because fat must 
quickly be driven to the tray before evaporates up on the plate or food. Figure (95) 
shows the way of drainage and the fat gathering. 
 
Figure 95: Final fat tray design (Designed in Solidworks) 
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4.6 Product Presentation 
Considering my personal interests and preferences, I tried to figure out what is 
my actual needs. One of my biggest problems that, drove me to explore my needs, was 
the storage dimension of the appliance and the need to also have foods like burgers and 
steaks roasted. I create an efficiency ratio between the cooking area and, the active area 
of the appliance, which describes the storage space This ratio describes the food 
capacity, in terms of plate dimensions, considering the storage space. I considered only 
the 2 dimensions of the appliance and not the height of it, because in most cases it 
deviates in a small percentage.  Another ratio is created between the power of the 
appliance and the cooking area with a purpose to describe the performance of the 
cooking area. 
 Figure (96) and (97) shows the most critical dimensions in closed and opened 
position respectively.  
 
 
Figure 96: Product’s critical dimensions-Closed position (Designed in Solidworks) 
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By using these ratios, I achieved to pre-set the external dimensions of the 
appliance in a way to satisfy both of my needs.  
The design of the appliance was mainly driven by the architecture of it. As the appliance 
belongs to a new category of appliances, in terms of external dimensions, the 
architecture of it should be follow a design path between a toast and a sandwich maker. 
For this reason, several design features like the existence of inclination in the frontage, 
the ability of temperature level controlling, the fat tray and the ergonomic handle, was 
mainly inspired from toast maker appliances. On the other hand, features like, the 
transverse hinge, the cable winding, the plate release mechanism and the main locking 
system, was mainly inspired from sandwich maker appliances. 
 
Figure 97: Product’s critical dimensions-Opened position (Designed in Solidworks) 
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Considering the corporate identity, I tried to analyze Delonghi’s design language. For 
this reason, I searched through several fields of brand’s products, so to better 
understand the basic design elements. The most common design feature was the 
variable transformation of a fillet into a chamfer, which drive me to also include it by 
applying it on the outer contour of the appliance. By being closer to the brand, the 
growth will be greater. On the inner contour, I create an enclosed area by cutting a 
channel. This channel continues also to the lower lid of the appliance. As figure (98) and 
(99) illustrates, this channel encircles the embossed brand logo and the control panel 
passing the message that brand focuses most on user interface. This feature intends to 
create a sense of loyalty, connection and understanding between brand and user.  
 
 
Figure 98: Front side of the final product (Designed in Solidworks) 
  
 
Figure 99: Left side of the final product (Designed in Solidworks) 
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Furthermore, the inner contour is also stand out from the shiny surface which 
can be easily implemented by a special treatment applied on the mold. This shiny 
surface gives a prestige on the brand through the appliance.  
Control panel elements are user-centered designed. Through observation, I tried 
to figure out how morphology of a part can influences user’s reactions. The results drive 
me to create a colored concaved button which has as a purpose to attract user’s 
attention during the first attempt of appliance activation. Control knob’s design 
language was one of the most challenging problems due to its multifunctional purposes.  
  
Figure 100: Isometric back side of the final product (Designed in Solidworks) 
  
 
Figure 101: Control panel of the final product (Designed in Solidworks) 
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As the control knob have the ability both to be rotated and pushed, I tried to 
translate both functions in certain ways: the pushing ability determined by a 
deformation of the knob shape on both front and back side. A concaved shape on the 
front side consciously drive the user to push the button. The back side ends up in a 
gradually increasing diameter which gives the sense of a deformed knob, showing also 
that knob can be pushed. This feature is also comfortable on user’s fingers, considering 
the rounded finger ends. Rotating ability is also pronounced by the existence of 
peripheral ribs. Considering that appliance has to do with heat, the knob is made of 
metal, so to give the sense of cold touch. 
Figure (102) illustrates the appliance in vertical position, ready to be stored on 
shelf. The power cord can be wrapped on the back cover for easier and safe storing. The 
locking mechanism helps to keep both the upper and lower sections closed. The 
compact shape of the appliance, which based on sandwich maker’s shape, was pre-set 
during product’s architecture establishment due to that eliminates the useless space. 
 
 
Figure 102: Storing position of the final product (Designed in Solidworks) 
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Figure (103) illustrates food capacity according to the type of food. The appliance 
was designed in a way to combine a compact shape of a sandwich maker with the 
cooking abilities of a toast maker, having in mind the actual needs of those who already 
use a toast maker. I firmly believe that this appliance addresses perfectly with the above 
statement in an optimum way.  
 
Figure 103: Food capacity of the final product (Designed in Solidworks) 
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Figure (104) illustrates the flow of the fat during the cooking. The plate has two 
drains on the right and left side respectively because fat must quickly be driven to the 
tray before evaporates up on the plate or food. A fat tray is placed on the front of the 
appliance so to be easily recognizable and removable. The plates are removable and 
dishwasher safe, so to be easily cleaned after cooking. Screen contains a fat tray removal 
vector which blinking for 1 minute after every use so to inform user for a possible 
removal and cleaning of the tray. Another important reason for the existence of such a 
vector is to avoid appliance’s storing without fat removal from the tray, which will cause 
the entrance of fat on the internal electrical system of the appliance.  
 
 
Figure 104: Flow of fat during cooking (Designed in Solidworks) 
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5 CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 Conclusions 
The aim of the presented study is to apply a generic product development 
process in a real-world design problem regarding a small household appliance. In 
particular, the basic scope of the current study is to demonstrate the process until the 
point where the product concept is finalized, with a view to acquire a profound 
understanding of the development process. 
The first stage is extended into three fundamental steps required for the 
opportunity identification. These steps involve the chapter establishment, the 
opportunity identification and finally the selection of the most vital characteristics of the 
product. Considering that the active surface of a cooking plate for most of the toast 
makers is much bigger than my current cooking needs, I concluded that product 
dimensions should be between those of a small toast maker and a sandwich maker. The 
existence of this middle category pronounce a, not so popular, category, which can be 
thought as an unexploited market opportunity. Considering the established power 
consumption, the appliance can be placed in an advantageous position on the efficiency 
ratio – performance ratio diagram (figure 18). Through market trends, I get several 
information about how many appliances per category there are, the available capacity, 
in terms of toast dimensions, for each category, and the nominal power for each 
category. At the end, by investigating user preferences, I conclude that there is a need 
to use a bigger appliance than a typical sandwich maker size. 
The second stage is extended into four fundamental steps required for the 
customer need interpretation. These steps involve the gathering of row data from 
customers, the conversion of these data into customer needs, the hierarchical 
organization of the needs and finally the establishment of the relative importance of 
each need. I asked people both in my personal and business environment about things 
that like and/or don’t like during the operation of a toast maker. Through this process I 
realize that the fundamentals of a design problem will always be the customer needs 
because they exalt the purpose of the appliance. Besides that, a good product design 
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means that a product must fulfill all or most of the customer needs, so the existence of 
this process is vital. Additionally, I conclude that the process of customer need gathering 
can be thought as a prelude for similar projects also. The most important conclusion is 
that needs pre-exist but must be explored at first. If that happened, then, needs can be 
addressed in various ways.  
During the third stage all needs are translated into a metric and its unit with a 
view to gain a qualitative image of metrics so to enhance the concept generation phase.  
The fourth stage has to do with the morphology and the aesthetics of the 
concept product. At this stage, all the concluded data from the previous stages are used 
to create the architecture of the appliance and its basic elements. Several factors like 
corporate identity, ergonomics and user interface, were also taken into consideration 
to create a concept product that fulfills most of the customer needs. This process can be 
thought as the beginning of the 3D design of the appliance. Shape, color, position, 
proportions and size are some of the key elements that describe the morphology and 
the aesthetics. During this process I realize that every included part has a specific 
purpose that must be accomplished in an optimum way in terms of user interaction. 
Furthermore, I also concluded that aesthetics is so important as the technical part of the 
design. Small detailed changes can lead to design success as soon as they follow 
customer needs.  
Having the morphology and the aesthetics established, the final stage has to do 
with the concept generation and selection. Looking the concept product as a design 
problem, it can be decomposed into several sub-problems, based on the sub-systems 
included. This method of problem decomposition helps to analyze all problems 
individually, making in this way the design process controllable. Generally, the concept 
generation and selection process take most of the concept development phase time. 
Considering a design problem, I conclude that a collection of ideas at a current time can 
lead a team to choose the best-looking/working solution. That doesn’t mean that there 
can’t be any other ideas, but instead, only ideas that haven’t been captured yet. A 
solution might seem to be the best at a current moment but in the nearly future could 
be obsolete. Neither a current solution can be the best one nor a future solution. As the 
  
122 
Design and Development of a Small Household Appliance 
time passes, needs become clearer, that’s why there is always free space for 
development. 
Consequently, Solidworks software is selected to be utilized for the design of the 
appliance due to its ability of parametric design. Every sketch or idea was translated into 
a 3D CAD file which had continuously been changing during the development process. 
5.2 Limitations 
Considering that product development process is a front-end process, it was 
difficult to express the path of the design for each part. Every part had been modified at 
least 10 times before it gets its final form. I skipped the description of each design path 
due to its complexity. Instead, I focus more on the resulted design and what I have 
gained from the design process.  
Another limitation was the prototype cost. If I had the opportunity to purchase 
all the prototypes, then every part will be designed in a way to cooperate normally with 
the other parts. This mean that I would have the opportunity to proceed into a detailed 
design of the appliance.  
5.3 Recommendations and further research 
One recommendation about the specification establishment is a further analysis 
of it with a view to record as much as possible technical parameters. This will allow a 
further technical design of the appliance, allowing in this way the System – level design 
and detailed design.  
During the system level design, some of the most important parts like the upper 
and lower cover, can be tested and optimized through mold flow. The design of the mold 
is also an important field that can be further analyzed.  
One of the most important metallic parts of the appliance, which is the reflector, 
can also be analyzed. Respectively, besides the tool design for each step of production 
step, it is highly recommended also to occupy with the production optimization in terms 
of production time, which can be achieved either by a robotic arm or by a linear 
automation.  
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As soon as the design is completed the product can be tested through thermal 
analysis in order to optimize the design of the heating element, the plate and the 
reflector. 
Furthermore, suggested future research should include the investigation of the 
sustainability of the product, from raw material extraction through the end of its life. In 
this way several factors like carbon footprint will be known. 
Packaging is also an important field of research as it affects customer’s 
psychology regarding the final decision. Branding, environmentally friendly packaging 
material and user interface are some of the factors that can be analyzed through this 
field.  
One of the most important limitations during the design process is the cost of 
producing a product. Target price is very important and must be set during the 
preliminary stage of design. A bad-handled project can drive it from a useful product 
into an uncompleted project.  During this dissertation, target price setting was skipped 
so to concentrate into the design process. However, it is very important and can be 
further analyzed in the future. 
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